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^jluJj a jLu4*4Aj4J jj AjUJ^AA ?A£AJ t ÛÛwJJjAJ JdSjjJjûj j»4J 
(jJjJLAjJia ^j-uÛS jijiSjjj LuyLijJjj jjl$j4J ^Jj^S (jiUj <L fauijjj LLuûj G AJ<UJ<U . ^Jj^S 
ÛÛJJLjJUJ JLjLj JLS Juui uuûS JAJ Ij4i . IjJÛAjaI uU'4J 2002 <jiLu4S ûiçjJ JÛJ ^uwLjjjjj 
j»jjjj JuuJjJ jLJtjL? JtjljJuJ .ûûjlju^j j^^SjjIjj ^jjyiuJ ^iLw^S J4 jV<U ^jjI^J j4j 
j ÛÛjIjJuJ ^jbjj LU uLLjjjj <ju4J ^LSJUljljjJ 4J 4S uûIS j»4S4J 3 I Jjjl$Jj4J uuIS 
AmJj ûûj juAJ.J j w iU ^SjjGjj^uy^S j»jlJlj_U . ÛJjJUUjJ-JJ li I Kiinl ijjjj ^iGJ.uyJj (jmAijjJ 
jjj U4uuû ( L4J.ûUjjjGiL4^JJ JljjZ a iL«j^4iL*UuS J ^J4 jjG 4J jljLSJuj^- jj ûuJJjjju 
IJUL^XJ' ^iLSjGlj 4J GuuJ 4Û .Jjl^uSjJ^ 4ÛG4JL ^jlju (jiLS^ujSjj^u JjL^j4w4J J^4*y 
j4J jLSjjG ^Jjlj—uJ ^4Ll^ jjjj—U^j- ^-JljS^jJ ij i .niL j4uy4J J^ljJjj4^ j j^jJJ j|j4uy4J 
<LS . 4 JIjLu ^jjuj-jljj^ ^il—uAlj jAjjjrtJ JulJujjS 4i ^jj4J ^IjJjJu tuJjujjjj IJ4iLj5jlj 
^jG4uiSjj4uL44jj JL >, j4J4j . jjLulJ IJjjl^JjJÛ i£p- ^4JLu 4i4£ ^JljjjLu ^bû 4J <U j4u^$i 
G>- * 4-uSjjjû j ^SÛJLÛÎ L ^JUL^ÛJ 4G^.JjjS<G ûuJ IjL-ÛJ 0 Sjijj) iifij4A4J 4Û4 jL j»4j 
.ÛÛJJJ £A»Im 4ij4i J4A Ij4i ÛUJ6J jjJij&ZiJiSjj j&A 4i j j ûûjjjSjJj Jj4SJJJjl^j4uj4A4J 
^jG4uiSjj4uy luLÛJ ûû>S 4) JjjjL^SuJ j»4S4J ^Û4J . JjljSu4JlJ ^Sjj^yy ^u4J jji jJ 4S4uuS 
4 lLSjj Ll jjjjuû jjjjjGLu4) jj<L u j jijûu ^j^j 4J jLSjj^- jjj4'tu>yL 3 jLSjjL?- ^jjIjuj 
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J C r.v4j 


LujjAu 


j,j4u , (Hand specimen ) IJiLS4n7i» a 4 J 33 Û <U jLSj^lû- ^ULJjSyJ 

]ij . jLûLSjjLijj £3)34^ J jLSjjli- S JjJLu-ylj jiju JûIjL jjjjj ^LuAjLS4j 

j jjj—LuJ jLwU j^L'- 4 u LjjjlpLj jSj^JbJ jJL-uA jLûLSjjj^lJ jLSj^lû- ^^Ujjj 

jJj <U JLjljli- jAj ^jjJLLJjSyJ i£lSuj4J Ajjj jJLê . jJjSjjLtjj j jjj-Sj Jûl^u ^iLSjjlufljj 

133I34Û4J jLSJÛjSjjJ jljjj ^JLjjjJjJ j jJj_LwJ ujjjljjj: ^jjj 4 j jLSjjluijj 4 J jjj IlLLuJjj 

3 jLSjjluS jjiuJjj jjj 4uJjiL uJjjlplj ^jj^LyU 4 j jyuiLSjjL?- jb^SwU . uJjSj jLwLuwJJ 

.( 0.03mm ) Luj 30 pjjj>Lw4j4j 3 uujjjyûj l juj ^Sbjjj (£31343 4j LuJj ^4i 
LUjj^luJj 3 Ju jLSj^Li- <^Su4u ^SljaSjJ Jûu IlLLuJjj jjj<U jjJLui^SuJ ju 4ÛI34S 

. jj^SjjjLLj 


: jLSjjLi- ^Su4u ^4 SjU ^JjSjjLjLj 

^jjjiujLuJ 3 j^Jj^ jL> jLSjjU4S £J 3 ^iJjSaS 3 ^I4u4« £)L 4J jj4ilj4S jûL) 

^jjjûLwjjJ AJ yAJU £4Su2lû jlj LUjjjJ Ailjjyû 3 <j . jLûjjSjL^y 3 jLjjjSjjLj 3 jj>w 

jLSjjUJS jjSjAj £4S^j 

^L4j : 3U j44 IJ4S4^-jLj L 4S £4iL luLujJj LSjJJ J 4i jSLûU 4wL<4A JjLSuiLj ^4i 

. lLl4 ... jLSjjLi- 3 ûj4J ^LûLtjS , ^Lujjj ^jÛjjjj ^Jj^jjjJj^j , IjjSulj 4i ^wLu^jj 
uLuJjlÛ ÛJ34-U uLuw4Sj44 3 j4«SjJjLS IJLjLSjjJ4S i£4-SjJ ^JjiSjjLjL 4L IjjjLw ^jLw4S 

. ÛU4J4SJ !»LÛ 4J4J 4SjjLS jLuAlj di«4S jyL) ûyjlpJJ 
34iLuli ^SujLS jljJ34jluS jb dJ 33 j j4iLw 4i: 4^3344 3 J , d4JJJb j4Sjj ^JjSum^jJ £jLS 
j^JuUjjjSLui Ij_ujjj 3 jjj 4J ^jLwb 4u ûujÛI^ujj 4 SU 3 J ,ûlSb ^SLûS 4 j ^ûûjj ûuu^ju 
jl4d L4 j4j-ju 4S 4J44 IjjjLw ^w4S 4J ^j.uJa.U ^J^Iu- jb ^JjJ^S £4SjJ ^jjjSuwjjJ 3Îf4J. 
e S4u4J4«b 4u jlulwU^wJ j^L jU 4Û dJJL44 4L £J^4J £IjJj4w, 4>Uj33>Lb 3 4i 4uU4J4SJ 
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^jLSlSlj CcJjjlpd: <Ljjj. ÛljjJJ UÛJjSLuijjJ ^jLSAJ j jjjAJ jjj <Sjj_P *<LJ4A û<L_uG 
: ûjjSLwLj jJJjlfi fkjj ûjjJ^JjLSAJ ILLujjj jjj <U 4S JjjaSjJ ^jjjSjJbû 

* tij^^s aj Jiijj ^jjjijjuu -1 

fkJU ûûjûljjjJ jJjLwLj« ûljjlû LÛJj.&Lw ^ÛLSU . JLÛJj jjJLjp JLSjjJAS (jjjJÛ j<UU 
Rock cutting ) jjjjjju ûjUlû ^jAJu ASJUuuU <ûjjû ^Ujj JuL . ûjj.SjjjUL Uj>1w 
<LÛLS j<U (4x2 )cm ^<LSjjj tf<Sjj<u _jjj j 3mm ^<Sjjj £>jjûy<û ulSjj Lj < machine 
(jJjL) (jj,£<U JlSUjjU ^SAUjjj- 4 jUJJ ûj-AJ j J<U4J jjjj uJjJÛ ^ASj^j jjjj<u <S<Ûjjû 
^JjLAU <U JUJJU ^JU . |*J JUJjjJjLS (jJj|_« AûjjU jU ÛUjSjJ ^y jjJ jljAU JjJj <Û jUy 

4 U<u ^Ijj <U U<u 1000, 600, 400, 300 djj jjj ju jjjjuj <U ûjjSjjjjj ^LSHjSujj 

ijJjLu c jLû&jLSUU<U j ÛUjJJjSj USUjjÛ û-yyJJU J <Lw jjw jlUU.w jUwA) <Um .Jj O 
bSû^jû Sjljdu <U UUjJÛJjjjjLS ^jjbA'j ^iljjS U<LUu$«u . ûjjij ^jji jIjjû ^JJjjjjjjLS 

.jjÛUjSŞL j U.u yjjJjjjjjjLS U j ûjjjûj 
jUwL AÛJjU j ÛJjSjJ JJ<Uj<Lulû (jj»wL (jl j A L jyJjU I jjLS<LU^j <SûjLj JJ Û b JÛ< U AJ 

. ûLL ûLS jjûu ^jjijS 

jU J JJ<LUjSjJ UJyJ _J ÛjjjuJJ j jjjLw j j»j <S (jjLu SIL 4 JSÛjjû ^SijJJ JjS jw jjJ j2L 
j( 0.1 x 3 x 5 )cm jaSjjL<l 3 <S . ( Glass slide ) j_j<lû_j>w d<u<UjL <u ûjjjlujjjjj jjjj 

4jjjLftjLS<U jjjU) ^jj^- (,jj <U . ûjjjLS<U jjUS ,><U ju ûulJjV<U jL (xLJ<UIJ<û<S ^jjL 
Lû ûJujJ .ÛJjÛUjJjISJiU jk <LU<UIJ<U<S <lS <U)jjû ju 4 ÛUjJji&J <S<ÛI_wjjj«jÛ (j<Guj 
jASd ifijifi j4_u <u_jjû-jj ( j<S<LjjJ jjjj jbjioj ) <S<ûjû ^jjljj .ûjjSj jj<S 80°C SdSjjû 
JJ <UuJJj ûiuj G ÛUjÛUjLLJ 1^30 i ûûyxû IJÛJ (5( IjAA )L ^jilJ ;jJj<U jj Jj<LujU4J JJ UÛ)<S 

4ÛLS j<Lu jjjbû lJ<S<ûjjU jlSÛjju j!*Û <LÎ L ^ûj jjjjj duj jIj4j <S<UjjU ûlulS 
Sjjjûwû JU JjJjjU ûUjj<S jj ÛijSjJLjjJ <S<ûjjû (jjû (jJSjjjj jjJÛJjSUjjJ (jjû»L (jjA<U 
ijULujjj jJj <U jLJUjL 4ÛÛjSjj jojjJ ûuyjjU jjûuu (jjLu- djj <LÛLS j<U 0.03 mm 

. L jL jLû jS (jjjûxû <ûjûjj<S ÛUjjljj (jjjU ]j .jjUujSjJLÛU 
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4J dSdjjŞA) j ûjjHjjjti ( Cover glass) ^jLujjû ^Slûjjjjj ^jAJj jitjjj jJj ûûjjljjjj 
UuuU . ûouuAÛip- b ^jû jujlJtSL IJ4SJujjjjj ^jLlJ ^jLSjJ ■ uJjjjjUti jj j xjuJ 

IjÛLSjjJJiS uiujjj jJj AJ jj4iJj5aJ jj 4jjjUL) 4Sdjjj*j 

: j»j4j (jjjî4S Jj jJj.SjjLL aSj.j -2 

J jjjj Jjj J jjSLÛ jUj^ IjjijSmujjJ ^JlÛJj JÛ j4ÛljJ4S j4J i»j4J 4J u u i4jA< IJJjaJ 
i^jLij j4j4J jLjj- 4)Lj4J f>4J iJtjJj j4j4J L~ . jlS4o«jJ j jlÛ4.UjjJ Jj.l4S JIjj » jJjJjJjQ4A 

. jjjiu jjLL (P^LuGjU 4lujjû Jjjj « jjSL Ijj_j4ûjj jjutL 
JjLS j»4J . uLjSjJjL IJU4uJ4jlJ4j4S jLÛ 4J j ÖUjjSjJjJj JjJJLS jJJ Jj$Jt-J a S<LJjjjjû) 
^jlSJuLujj ûJJ jLj Juie-J 4SJU4uJ4jlJ4j4S 4S ûbjjj-4j ( Cookillg) jLui ûjjjjtJuûj 

. ijJÛxJtJ Jûj jljjj U ûjjituJtJjJ jjlj jL2L . Jj4SjjJ4S 
tşjŞjJdi ş j Jl^jL) 4j j ÛUjSjj j_jj_î jlj4Û IjSwL jiu^j^JJ Jjj 4j4£jL j4j ^SJjjjj jLuJJ 
ÛJjSjJ jujjJ JjJujJjjjjjjLS ^jjjjj gjbJj Sjj (£4SjjJJ jLuJJ tjJjjjjŞJdj J^L' j ÖOjjoujjjJ 
tjAjJjJjjii ^SjLÛjjJJj JjJJJ jjj*J JJjjJ jLdJdti ÛJjjljJti . 0.03mm i£j$ûu4j 4 jLSjj lû 

. ÛJ^&>4u 

-: jlStjlj JJJjSjtJ 41 jSjJ ^jjjSjjUL -3 

ÛuUJJ Ajjj .ÛJjSj ÛuiJjJ ûjjlj- LÛ4J JjJjL) j) JdJdSjJ 4S ÛLSjJ ûujjjj Ij ÛLS SJ.JJÛ44 
jJmuJl J ûLjjlftJJ ûAJd—ujjûi 4^jL jLwL . JjJLljjSjLu- j CujJjJj— uJ44 4J4.Jj.SjjJ j4_J 

yjj44u I riii «jJmddi 4Öjjj-jj yjjj4Û_w4j jjjLi j ûujSjj ,»jjS ( Hot plate ) ^jaS ^S4jjS4u 

j2Lj j jlj4_yy 4- Û jj-JJ .ÛJ4ÛJ > IiililjjJ JJ ^4_SjJ (jjLjjljj- 4>S j4j4jjSjjJ j4_J tjijmjŞjjA 

. ûjjjjtj IjLL jL ^ÖÎj JtjAjj) ûjjStJJjjj 
jmjjJ Jx? 4_j jS&Jjjj jSLÛ tûûjSjJ jujjJ Jj300 jjL«j ^jjJjjjjJjLS gjl 4j (5jj ^4Sjjjj 
. ûjjSjj jUljjJjj jj jIOOO jluöOO jjLj tjttjjijjjjlS tfji 4J 4uLS j4u «ûû ûwjj4j 
JIjjaI jjj jjJ ^S4J4wjjû 4 £jL j4w 4ÛJjÛ-JJ ÛJlJj4j4J Jjjj tjtjJûuiAJ jJJL4J 41Û4S laaaj 

.tjljuJti 41 uj jSLj ûijjjJitJjj iSjlj j ÛJjSti um 4£ JjjJ ^4wjjJ 
4 jIS j4J «Jj4 —uJJJLU j ûlJJJ «jj4J jLj- jAÛJj (£4S4 JHjjSi j ÛJjSjJ jj4S ^JjJjJj SiiJ I <»'_(1 
4j jLoJj ûjjjljjjj 0.03 mm «jjjjiu4j 4 jLSjj □ ûjjSjj jujjJ jlj4j jjJujjjjjjjjLS «jj44j 

. ÛJjûjyUlJ |jJ4ujju (jSjûjjJJj 
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û_ûljjjj .Jj4ÛLSj$b- ^SjaJ a S<U<SjJ a iJjSjJl_«b .£jjb<U ^jljjjLw jyAjJûjj? jjbjjj 

: CuJijJjjjb'jU fkJj (^jJU 

Miller, T.,1988, Microscopical techniques, slices, slides, stains and peels. In 
Tucker,M.(ed), Techniques in Sedimentology,Blackwell scientific publ, 

86- 174pp. 


jLSJUli- <jLjJji jjj >J j*i>I yi^Sjj ^jjjSjjUb -4 
Reflected )jjjjjugjAj ^Lj^j ^j^Aj tijAjlSJujjjjlj jj\S <u 4 jjujG <y<tSjj ,»<û 
<ujj»jLSjjiJLS <u ûujG ^-Lujji <U jjjjju JijjLS 4 jiJÛjjjjSjj ^U ( Light 
^SiAb ^ajaSjj yjjj.SjjL«b ^jjbJLl yjljjjLu jjjAJJjjjj jjlujjj . jj<LSb Ijjj-U 

’-liJJSj <ûyb> j4/ f>Jj JjJUu ûjjljJiJ ijJjlSAjL? 

Uytenbogaardt, W. and Bruke, E.A.J., 1971, Tables for microscopic identification 
of ore minerals, 2 lld ed., Elsevier Sc. Publ., Comp.,Amsterdam, 430p. 

Freund, H., 1965, Applied ore microscopy, The Mc Millan Comp., New York, 
607p. 


:( ^1 ySjJuuiAsj ^ÛJJji ) jLSjjJAS ^ÛJJji 

^jLSjjLÎJj ^jjjSjjLuJ jjjJLuuib jijAJujjSll JjJ- şjj-p <U j*Lj ^jj<U jmU A-iLJJA 
* jiu jLSjji<*S ^ j ûjjjj ^ljjjLw ijljLSb ^y 4 j<u J i »ijj tjjdSj iLÛujjijjj 41 jlSjib- 
<U JJ)j . ÛJJjLSu ^SLbjj j ^jljjfjfJjjj a jlSfj Jlu! jSjl jj 4S .^jLb ^uJJjj jjybj- 
jjjSjjj ^jlulbûu j jLSfjL? jjJjSjff ^jjjSfjjjJ <U ûxLuuUJb jjjjji jjIuj jjU^Sjib 
^UuJjj ^JjSijjjJ jUljj. ijdJuSjSJ jLûLSjjLbjj 4U ûbjjliU JlS ûlbjjj- 4 j jlS <lS^jy 
4ulSjJ LS <U44 jbbtLuib jljju- jluiSb . 4jljjb- 100 lû20 j($U JJ tijljlu? jlSjjJjS 

. jb-400 

jjljLçJ- |»bu t ÛLSjJjLS ^jljjJjJJLuj ^iujji Jfjlu jb4A4J ( jJjSjjjJlS JÛIj ) IJJjGflJj j»u 
iJjdiLSLw ^4SJjSilb i ûjjj tyjjjjS ^iLSjjLÛJj ûjjjljjfJijJjlSijljS (jîuiJjj gj&JJ 4S ^ijJJ 
^LSjbjSujJ jlibi tfJjfjjJj ijljijJu. ûjjSj ^jIuj jLSjjb jj Ub... jii^bSUU ^LSaSjjj 
jl m h 7 «ijj j jjJuJj iiiI i i ûjjjliûjj ûij-ubjj ( Texture ijljjJu jlu dlSj <u aS jLSjjb^S 

. ijJjjjjjSJ iSijjjiS (jjjjJ ûmjjJ SjjjJJ <U i ÛUjSu 
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jj jLSLu L u $ S 3 jlJLbjJSÎ/i) jj Jb JjJjLJ j3j 3 jj^? AmAA jLSjjIiLS ^u Jtjj ^jilSdJjij* 

jjjjjtLSjii \iij\jj fk<U jûlijLjjb 4 j LÛU43S 3 U . jlJbSjUaJ AJjj? jJjiSL? 

... 3 ^jUb ^ ( Olympus ^LûLwjS 3 ^jUiAj ^ ( Leitz ) (Zeiss ((jblj 

. jJu& 

Ab J tJ^JtjljSjJJj jjjb^biAJ IJbLb «LJ|JJJ jlbbU jUjjIaU (j Lu JJjj I i ) JjUj jJJtU 

~i jJd&ti ^JjjSJJ ÛLuAj 3 JJ bllSjJ jA4 (^wb J 3 <ûjj 




jlSi i I ..... li I j y A 

^jL 

- 

|£ JC .< III ** % 






jjl jj jJJ ^Ajj 3 IA 


. Zeiss ^LuLujS j3b . jLSjj,S<(S ^Lujj^ : 1 jjbj ^tjjJû 


:( Stand )jÖia-1 
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u ûjjjljj«: ^ûujj^ ^jLu <S ûljjllj 5 ^JljjLS tjSdjiSjj <U Jllûjjj 

-: j^JjjjSjLc- Jjjjl^i- j 5 <bLw<b 

—. (Stage > jojjj ^jjLu -a 

<U aj<u ^jjJûSiV^i- ^Ljip j «360 °^j j$IjS AbAb Jj .(jjûjb a S<bjiiLw J.J <Uujjj 

tftjdjJû'itjjJj jJSjjLfr (jjjjSjj JUjûjj Ij^SjjLw ^ji^U <U. US<bjjj^<u tfjjHJj ûujj 
^ 4Ul^u ju «JjljSLUJJlJ 4 Jj 10-0j_! <LS <U< 1 £ jjAJÛl^u IJ^jLw (jSAjVJJ . 4J4A 

. ASjjLu ^j^Jjjjlj^u 

. jLSjjJAS ^ASjJ SAwjû Ar'jlJ (jjjjSjS^i?’ jj JJ4A Jj>jS JJJ 4SjjLw jAwdJ L&Jjj4£ 

—.(Tube )(Sj$jAw<U ) cjjjjjj -b 

djjjU jlS<UjjLç AUjlU SIjj «j jjfjjûjl (jiujjj (PLSLuJ <Lw4J 4S d<b<U^l AJ JlluJjJ 
S b LLj JA AJ. ÛLSjJ ju- ^jLwS (jjLwLiu wJJJJSaJj j4w Jj <b<U«$J j>Ai ,J^Jj<Suw j jLSLtUiW 
.JjASjjLw ÛçU^j-jj 6»$jj iJ^Sij- 4S<U$jJ jLSjjG <Ujjjj a j<UjLj <b IlLujJjj 
jjj ^jjjJi'i^ jLSuSJU <US «JLUjJSjÛ- jjj ijjjjj ( uSjjLw jLj ûu<LS<U$jJ) jJÛlj$$*- 
ûiil) i J»^<uxu (ySAjAjjj j^<lS û_wjjjj fj JyJ_4<b. !»<lS ^SuIÛj^- jbjj ^jjû ^ ûjjjjj 
. ûjjîuSjj jLSjjli- ^ISjSjJû <SjJ j jlS<UxLw<LijjLA jlgu Sjii^ ûbjil^jjj i^JjjlJj <LS«<*SijS 

—.( Base )<Suj-c 

♦ 

. ûwJJj jmSu- J JjLûwJJ £)4 w<U ASJLuJJjJ <S « jwj^J (jjljjLS (jSJJJSoJ <U <LluJjJ 

- ♦.( Optic systems ) jLSLLu <Lw<b -2 

JLujU j^jjJLSjS ySJuAujLA j (jSLÛjjj ^JiL^-jJiw <U jjjjL^Su jjjjjj ^jLSLLu <Lw<b 

. jjljjju ^AujLA j jlS4u$û <LbjlU _j jlSJuuw 

:( Mirror): ^b^j ^b-jAw -a 

l»JLj fkV<Lu «ûLftjjjlS<U (jSLjjjj ^Lu^Lwjjju jj ( Mirror)<Lii$b iJjLSJbjS Aûujjj JU 
^Lu-jAw Jujj « Ûu< b & ^Sb^j <Uwj £j<L USujLS <U <Sbf?- * j$j<b Jpj<Sj<lw 4 j45uj 
. <SjjSjAujA y- jJ.W Ajb-jj 4S4SwLu ^ ûjJjGaj IjjlSjjb ûujjj JJ (ujiS) ^wSb^jj 
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s (Condenser lens i£<LûjLa - b 

jjjd—v AmXJjdSil j uuJjJuûH IJlJuûJjj jbUL j*ûj 4*1 ( jlSUûjLA jL™) ) A J A ‘JJ* * f>4*J 
^lûjjj <U ^Sju^jû ^SJUjjjjS ^jLu^bwJ JU jaj4ûij$$ £ jû AûdJjjlA ?4û . aj9jÊj4uû4? 
ijSaûJJûj yjLufi.mvaaAJ ^jLS <U <u<lu^U p4û . uSaSajU <lSjJ j<LwAjL*j«j j jujjLSjLj 
^SLÛjjj i^jj ^jjjSjjjûjS Jj JjJLuSbjjj ^Lj’ jJUAJ ^SmjJ j4ê JlUjÛ-jJ Ijjj^IûSUU 

. liSA^yj <U ^jjJû JjSjS j jjûiû 

:( Objectives) ( jLS<LujLA<û<û jLS<Luiw <Lûjb> -c 

JjAmU 4_U jd&ai 4û4& ^jSUj Aj jjU JJAî' . jûijj ijjû ^jjUjjJ^ Ujj . jLSfjJAS ^lUJjJ 

i»U ^SjjUw u<U<U . jjijLw<u a j4jjb ^S Aaajû?j 13 ^ j<L <U jb^jjAA IjjL?’ jjj <U j jjjjLw 
JjULUjU j4J UjjjSÛÛU UwJJ ^jLS di O . <U<SbLÛ j4i ^jLj' ^jjjSjjjdSdjLûjU 

uujjj^jjLSu jLSjjjJiS r "“ jjjj ^lş <u jjjjjjjj 3<uaS ^jSjûjjSjj^aS ^blp <(S iujS uL lLuj 
)jj ljJU aSl4û jJ.S<UjJ ^jjUj 3 jJ jSjj^aS jLÛUj < l S<ûjU ^ajjm&j\j& j<L«<U Ijjbjjj AJ. 

.(2 jjbj^jjU 

uSjjIû- ^<lSjJ jJlSLujU jljJû SjJJJ IjAÛ u-Ujûjjj ^sSUjjSjjjaS jLûlp jSLÛ jUojSuJ 
u-ujlJlSb jjj IjuSjjjaS <l_u«U a jLu&jLS<Lu ^ÛUS &û LLÛjjj JLujj j<lu .jj<uLujjjLdS 
^jjûLSLw IjLuûu û <U j <S b L<u j Jl< t^ûjujjJvdj aS&jûjlû ^bjASjU Sj^ aûuj j aj4a\j4 a uû U. 

. jj<iS<Lu^U Jj jjûb jS jbj jASjjb jjSjj 
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: jl£ iUjaLAAJAJ i^jLSAwdJ ! 2 JjLjj 


. tjtJLuijj Jj jLSJjjjU (jjû jl jj ^dJtjÊ — 1 

. jLS<Lub gtjtj Lj AjjjS ^j^S -2 
. ^jjjU^jjj ^jjjiS jbjU i$j£j j -3 
dSdjjjlAjAutJ JjLûlj (yJuiujjj ^jjjLû -4 
tjSjdJ iAS>J (jj jjLuaAr^ JJ ÛLSjjjJ^W -5 

. jujj jjAuiAl jLStjlS 

■ jiJijj lijjû -6 
.dJj<yj ^ 1/10 jjtjj jj <Uj tftjjjjjjjj -7 

:( Oculars ) jLS<tij$b jLujLa -d 

AJjjtA t^AjQAftuJ Aj ) jSjjj jjjjL--? 4U JJLujU AJ.J ILLjLu4jIS4j ^jIS^J ^ijdJ jtJAl 
LLS<U ^j^jljd jb jjj . jjjjjjjlj jlSfbJ^b <LbjU 4 j (jSjjj j$4Sjjb 4J 4S jj4jLS<UuM 

jJjLUJJJ d4J jAjAJ jjjjlu ^îwA ^J ( ûjj jwûijjLA d4J ûlwJJ jdJJLijjb JJJ) IjjlÛLUJjb 4J 
i»4 j ^jSjj4_w u 7 iii4J4j tjJ-u jUJ-JJj . tjtmûJj jl^sP 4U ÛLdfJ ^StjAijjj <LS ( + ) ^ijjJû J,J 
^4Û (jiijStjjA^ ^LjIjJ . J j4jtS4 (ii i .iTf 4ûjjt4 4û JjljJj™J ^AuJj ^jjjSjjj4d «jS4nll ijjlA 
. ÛJJ jLS4J IJj^jjj dJ lOx ^jj jSjj^S ^Ljlp Lbbj44 jjljLç^ jJ4jLjjjL4 
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4Û . <ui:Lu ii"i (j J> IJULu jjb* ^S4J4>Ujû jbjjj L L Lujjj J4 Sû 

<jUjjjJ i£4ûljû ]u JLS <UJj4J J«<U4.UjÛ !»JÛ ^Jj-ui <LS ujljû JLL) <UJ UJjJUmU JÛ<bjJ 

. ûjJjISu jLSjjlu- e jLS4ijSjjJ 

♦.( Bertrandlens > Jûljjjû ^4ujU -e 

jiijijd&xJi j jLSUJjLf JLu^U jijû jLu^ASjj lS .4j lûiujjj ^ÛjjJ jLj AJ <U4,UjU ,»4i 
^jLS 4J JUÛU^IU fkûJ luiÛû . ûûjûlJ jlu ûûjuV j\ûu ^4ljjJ <U ûûjjljJJJ ^jLwb 4J 
j»JÛ . (jLûjS l^j 4ûûjj i£4SjLUj]j (jjjjj 4S ûLSjJÛ ûujSûûJu ûjj 4S4iuJjj iJÛLiûbjLSJU 
. ÛJJjLSJJ IJÛLSjjÛ (ûii? IÛJ4J ^4uj ^ûjASImjju ^jLS 4) <U4ÛjÛ 

-. jLSLLu 4w4j -2 

|J47 iiiIjIJ Û4U4J 4_S JuS j4m <4» ^SLÛjjj ^yjl îji^7 IIIJJ4J JU 4JLÛ4J j»4Û j<b-j<Uy 
jJj4Sjil_w jJj 4U$4SJJ j U SuS<U « j44 j^j4uj 4^ jjJ IJ&LLuJjj j44Û. jJJjLS<U ÛUJjÛJjÛ 
jj<ûLS<Uuû <Lu$û jj4w 4 uj4Sjj jbjuj4j .ûjjjjj jû ( Polarizer 4j 

e S<ulûiju gtu 4 w4j jjj î»4j . ûjjmIJjj ( Analyzer ) tjtj&u ifjSjduuidf' jb jjjj4Suû 4 j 4S 
j4u 4^ j»4J a Jj>J j4J4J j4A . jJJjLS4J (jSbjjj ^JJjSjlS j4uj 4^ jJ LÛ4J j <UÛ jLÛJjSjjj^S 
^jbL) ^SIÛjjj <ûiu- .ûjjwIûjJ jS j4u<U- ^iujjj <U jLSjji^S ^ûuJjj jb' jjj 4S 4w4jljS 
jjj j Ju44 jbuUl^SLu jjjj i7i jb4U 4 SjjSj4u 4y jjJj44 . ÛJj L uAU jU4J IJÛJjû'Lu ^ÛUÛ 
û-wjjj ûjUULS <U <ûbjb j»4j jljb-. jjjwbjj (Nicol prism) JjSu ^S<bA.a 4 j jSjjU- 

. jjjSjJ ûwjjj ûjLwb lyiA ^jjU 4) LLûû . jijSjj 
^ijjiJjûûj4J jjj jSj4uu 4^ 4Û <UJj<Û Ç *♦* * «JjJj4ui j JjJjljU ^jS j4u4» jljU (jjljLu- 
jU . IJjjjj4SLuw jlû <U a Slûjjj (jijjJj4 u U j4u4J 4jjjLu4i 4S ûlJJJ Û<U4iûljb <U ^bjjj 
lj<Û oi _ay — jjjSlu ^4‘ûwljb 4J ÛIJU (jSlûjjj ^jjjJj4Ûû4J îjj jS j4u4^ j4S<U 4jjjû 
(ÛLS<bu-4Jjjj 4JjJ . Ijbjjj — û^44jjj (j<ûuljb <U ûLSjJ jS j4u4j- 4S4uSbjjj JjJj4SLuû 
(jjjjLu (jjb4u Ijjjlu i»4i 4JjJ «jijji-w û<U j<U/4î jlj4Û JjJj45u-2 j jSj4u4J- ^j4)jj4) 

.ûi>wbjj( Cross Polars) 
: ( Microscopic accessories) jujjj ^LS^LuSjj^ub 4u4j 

4Û <US j** *- JJ|_)J a S<U4_?jy JU4U- IJJÎ4-S a iLS4ÛUJjj 4Û ÛUS4Uj44 J<uS<U 
jjlju j LSjU (jûiU j j»j iii n» (j-TiU j^4jlu-jlu j<U « iuJjLS4j UûLSLLujÛ- a iLSjj4lJjSÛ 
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IjJl^ (iJj4J ii<ûuiljb 4_S *JiljiuS jJjjyûdj4u AjLuIj ^4J jI*S<Uj<U j4«<U . jjjl^S 

IJJLSJ û ii"i 4_U^L£ ij4uu4i u4jjLj ^SuJiS ljjLSi v b<LS ^t UJji Jj. ulJJJ jLuuU jb 

. (3 Jjbj Ja^uû ) ÛUjiJ jJluJ ^SIÛjjj î»jjj<U jj IjLu ^jLSdilb uJjjlpjJ «4 j4A 



(< 7 ) 


(^) 


. LSulu ^ub ( B ) ^iu ( A ) : 3 JjL«j ^j^iw 


-t jtSi^AS^iuJjii^IjjJiJdjjjcj^JJji jliiiSj'ib? 

JûLuJJji j»JÛ AS jûljj JûuJiJj t tjd Jjûiiij jLÛ LSjjJUS ^yuJJji <jiLS<Li<U jylu 

-: <Lç Ijjij ^LSJLuJJji 'JaZa! jLujliLu- 
. Ji<ûbi^jJ ^jULxu i ijijS 4b 4b 360 °jj iij> jLSijJJlS ^uJJji ^jiLw -1 

. ^jLuLÎ (jSlûiij ^ijjSj'iSj<LuJ<L' jj j4A jSjAuiA^ i^J IJÛLSijUAS ^ÛUJji 4J -2 
jli? JiiLSiJ jtuUJ iij<biij J.S ( + ) j44 UJ<U j4*u4J jiiû<udj iiJ IJUjb’ jj<L.Uib jL) 4J -3 

■ t£4J 

i jLSJuJiL^ JLUiU jli-û <LÛUi4SiJ <US «IJÛLSijLiS ^-uJJji 4) Jiljûjû ^<LÎJiL4 a Jj$J -4 
. Ujûu^jjiJ i ^Slûiij i»ijj4j <lIjj^j ^iuijju LujjliJiJ i « iiiiijiSLuû 
j»iJj<L)4J jb ii<ÛJjSu iji jb ii<ÛJjSjjj<LJ uijjlpiJ <U<L4 ijijASjS IjjiLw jjj<U -5 

.ujjjLS<lj ^SA^ii’j iiiw (jjiSbiij dJbijjiS ^iLu^ LuiJJb jj i LujuV UuSbiij 
£jl>j iLSub i ijiiinr ^iib dii «j4A iJbj a S<bJbjU JLXU- iLjlSijJjS ^iujji |J<lS<U -6 

■pjliS 
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-ijijSmjj 3J jLSijiÊAS ^ûujj^ JitjSttUû 

jl £»j£&£ 3 jlSj^L?’ jAuidl ijAiuJ j Sul 3 uUjSj jujj jjAuiAl j ijSJjJAi û uii £»jij JLj 
bJûîfb- j»<U jujjjS«jL«lj , jJjSjLS jj uiuûiUb jljJû jruijj Ûujj t ûjjj 4 jaSj ,»ljû<j 

-: jjJûbLuJdJ 

-: IjaSjjjjJj ^jjjJ4j jjlu ^Jjjj^j- -1 

JaSû ûuJJJ û^ J^ÛjjV^j- ^JjJjAJ ÛlûjLS 4J4A ^SjJi^JÛ ^SjJJjJÛV^- jjJJjj j^iLS 
jAmUlAl * 111 (jŞ^JJjJ i |"|4 1 jLJJj^ £tjt$Aml IjJjlaJ ^4j t LLj .UJjj ^tjt^AmJ 

ÛLjjLS ^LjU<U t JLuj dJj JiSAiuJj^ 4 ÛI 3 33 J 4 ÛI 3 jJlSûj . tjûutj jLLu &)Atjjj JLuljtjlj 
JjLw j ( jrLÛu SjAJjjj ^luljj^lj ) tjtStjjjjuM J ^IlIjj^Ij JujJj-jJ UjjU- ^SJjjjjSujJ 

Jujuu JJJÛJjASjJ SlJUJ^JjjjV^j- jmLl 3 ÛlIUjJ_U- 4 J i£ip- Jjjj tStjjSjti itJtlûjjJjMti 

-: ÛJjSj Jlp Ajtjlu fkU luJJJ ûÛAj Attjlui j»4J jUJj^ j^Sjj. jp- 
,»jAuJjm tjiûi luG ^i^jJ 33 J i^jAJj Ûjjjl^ÛJJ . j44 jjS 33 j j^JûISJllLu JLU 3 U 34 ) 
(5V3V (*4û tjmSijJ 33J 34j jLj- -Ş|jbLJ44 ) 4S4.LLL-t'y 4ÛJ3LA [£tjt$6mj JjjjS 4 u .UJJ LS 

.( ûjjj-jJ jJjj 4SpLw IjjjLj i»4)4S 4 JJ 34 S 3 JLM 
-: llUjJ 4JJ3I2 f>A) . juJj^ ^jjLw ( a ijjS j<p3U )^jjjSjj 3J jjjSjlS Stjjû 
Juuljtjû 4ÛI3 itjiSijJLu <ÛU 33J ^ûwljj^lû <ÛJji-JJ 3 ûjjJjJJjjAA SI33JU ^SJ.JJJ^SjjJ 
duûis tûjjSjJUjlJJ 4 S 4 }jSujJ ^J34lÛ3<Sj33J ^JûwljLj ^j^aLlLJpjj JSpLu . jûu (jjlJUJU 
4ÛJ3U S'&tj'i i*4u S3^J"J 33J S34JL1 AÛIS 3JU J3<LUJj4lt ^jJLû 4û JLû jjjUj33J 4 ûLSjJ 
jLSb . JLUJ33J 34û ^llIjj^Iu 3J J3<UJjûpjJ 4SÛ^SjjJ (J34S3JLS £*&jL ) J34S4 .lllS 
3J J34L jûbJJ ASÛ^SUJJ 3 UjÛL'JJ AjljLÛ ^JSj^IÛ- ^ASjJ <S 4S4S3S 4 ^-jU ûuJJAJ 
4S3JLS l‘lVp- (£jjJ34û 3 jUJj3 S*LÛ33J £tjt$Au Jtj^u Û33P 4JJ33 || " 1 34u > ûjj4_u 

JjLu y-w 3JJU33J ÛJjjlpJJ ûjjj 4 J<S<j 3LÛ <Û <U Jjb 3Û ÛJjlp <U AJ<jl3<U . ÛUJLÛJJAJ 

.(4 Jjbj SJ3£u ) ÛUjSjjSjj ^3<34j4j lû j^jûjjSj 
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<jîijS jjjûui -2 

iJ ÛP‘AjjJjjLP jjj ■ jJ Q_j£uu jSt. JjAuAJ (UuJ J jJ j^j&UhAiJr jjijAb ^tjil (jilStjL?4JJjj 

lÛJjjljJti tjtjmSj ŞjSjtm bdjLj fkdJ 4JjJ , ÛJ jitiJ&Jr Jj<U<ÛLljb 4J tjtjASjJZ £tjAl 
4jU j4j tûjjASa ûutiAt jljdJ (ySdjG jjb GG . jJÛJjAl jLbljL <jiljjf jj ûjjJuljjiU 

■j\Sd,J jAwAJ JJ iStjSjtuuAJjijJA tjîjjJ jjjûu ^bb 

-: ^jjLj jLu«b jb jASLuj^jb <UU ^$j jtjtjijSûjij -3 
jjj<U ^jbubj-AJ^j <U jJ uJjAb £jl_£ jJuJjU jLj jLui^fbu Aiu ^$J jjj 
jji JLS (5 <UJjb- Ujjjb jij ^jblj ^JLS AJ tS ûjjSa ûiuijji \j jb- i£4Jjjj . jIjJujA? jjJjUA 

. jbjjU tJ ÛjJ uJjJj SjS' UjIJLU [Ş J S J jJ jjjuii UbA 

^JuuiSV ajj-u s (Natrolite) ûuVjjjb SjL-? ^AutjjSati ûJjjl jjh jij-S û?JL? ju 
J_S ( lijSjtm ai& jjijt>h jJjJ b ) tutjjSjti jJj ^jblJ ^jLSJJ , ÛJjû^JjLJJ j ûjjjjjju)<b 
juJaj . ûûjjj LLjjG jIjjlû jlSj$G .jjAJ ^Gululjb Ju ûJj uJj<LÛ JmStjjjh ^LStjljh 
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j<Lw<Q iSjL? JiJjjiA ^Lj m 4il& 33 J ûuUdJ lj<Lj t j±j Lbj 4S4buJj^ 

.ûL ûiiiw jb uJjAJ 


: ^X^AJiij (£Jj4J ^jjjS ^jbJ -4 

i^jJ>j4Lu4y (^Jj4b (£4iwljb CiAJûi . IjjjdJdS ^btJ <Û 4J j<)mi | i£4JljLb4A J4J Jt^ij jlûb 

ujj5j ^jb: Ji4ijDjjb ^JiJAi^jjj j b jrJUjiJ ^4 j4}î5jjj ^jAAt «(Polarizer) j^jjJj 

) -C- ^JjJiJLb (£4luljb JLi ubjJJJlJli LiuÛb <<LJ4A ^jjjui jJjJJjjJli jdLtjjb (£$!_?■ 
.LMJ {jjj^Livdjd,. J^JjJj (£jjfcj4M»4^ (£jj4i «^^4JiiJ JdÊdJ ( dSijl^ yijJjJ (£4xwljb 

<lj (Cleavage )jjjö<ui ^<b_«ljb LLbLS uÛjjj LLjL jjJûljJbtujJb^ ûjGjjIj ^Lj- 

. ub uJj4J 4 £jjIj4mJ4? ^Jj 4J (£4iuiljb 
yj^j4m J4y i^Jj^J (j4 < ninljb ÛJjijlpJJ Jj^bljb' i4b LLjSLJ (jJLuAj 154U ^4^ Jj4i 4bjl j4S 

. Lbjib jijbj (Polarizer )jjjjJj 
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& : :dj 


jlSojlJ- jijijJuu ^jiSUdJa 

US IJ_SU4j Uj « jLSjjG (^Jjlj-UU (jjLjiSjj ^JjSjjLUJ jU jLSjjj^G (^UU Jjj 

iJLSjjb- (£bSjj jLj u» ^SLjjjj <lj!«aS . jjjjLSu ujj4j LLu 0.03mm AJ ^jSjjj^Iwû 

jlÛj jjLûIjIj U!j4S . jbjSjJjbjp j jjjSjJ jjLjJ jLSjjLcÎJj JjUJjj jAj j<L«<U j jojjJjAjjj 
^LSjjQÎjj <U jmLj «jj<LSj jbjjUiûjSG ^juij-?- j jLSjjb- ^jLSjjbUj <U j*Lj jjjU 
<LS jru* Ajljb j<U j LujjJjUuj IJblSjjb- ^jjjU U j^ AS jjUuUb j j jjASj ^Sbjjj 

. jJUwJJU jLSjjJ^b £j& JJ jjjlwU UmJ 

; jLSjjljLu- jp- UjG j jLSûLuSu jp- UjG jjU : j»4SU 
jALi j jLSjjlS j( l^U )b U bUUuljb uûÛiSU AS UjjU *^jSb$jj ^jiLSjjbUj U L L SU 
jS jjUj bUjjUûU UIjU jU (^UjJjU jS i^jjU jj jjUjjUjj jIîjjU .LLSjj jUjjU I JUy^ii 
UIjU jU ^jjULSuS (^uSJ^SjLa u uuj juSbjjj ^uljjp. ^Sbjjj ^Uuljb jU UUbjLS 
U jjULujjjjb lULSUuiljb uuLSU ^jljjp jbu u ^Sb^j U UIjU jjjjj- fkU . uuImUjj 
. (Isotropic material ) jUULUU^UjiJuUU jbjjjj^b UjbjjljSu 
y-w ^jjjUUU ^Suj^uw j jSL> >Suj ^jUIjJjU ^SuUL^SU jJjb- U lULSjjj>b U j»îfu 
yjjjSoJjLS (5j_4 UÛUJJ USU jUjj UuAbJjU Uijj^J jUj Jjj-W fk<Lj 4 J$UjSjJj ^JjUUj 
uûs . IUjGu uUjjUuj IJjljibjLuJ ^juu-yijb U U uLSjUJ ^Ij j ^Sbjjj i£JjUj$jj5b 
LjLSjjljLp UmIjL <U jljLu- tfljjpU uUjJjUu IULu ^Sbjjj ^LSUjj û J.S ^UlJb jU 
. jjjubjj ( Anisotropic material) jlSjjljL?jJ*Ljlj jjIs Ai « 
jjljUJJ .JjUU-mUJ JjUjjJjjjb U (jiLSujjj U Jjljûu ^jlSjjbflJj jjSU j JjuUjljj j»U 

-: jjUuUu jbjS IjUîMj- f>U 

uuSU j jjLu-SUjj-Auib ^jJb jblwS , jjjjjJbjJ jib j-Ab jUjj jUU AS ^Uljb- jU -1 
« jjLuSU( ai,a2,a3 ) «jiLS<Ljj4b JjJjGi i^jujJ U jU jj jjUjj jSjj j2uU . JJu4l«ijb 
. jjUujjjjb IbSuV uuS U ^jLwSuu j ^jbbu ^Sbjjj ujj jU 
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jJjL* <UwIjU L^j<U* jjjJfLjtA ^lwUw iVj^ L<UJjj j4w<U <l£ liJjljL- j<U -2 

( C ) ^JjJjAu ii<ÛLwljL <U ujjAU (jSLjjjj JLSIJ5 jjLS <U Jhişi U jLwwS<Up-4uG 

. j5(}Lpjp-4uG ^jjL jj ^LSjûwIjL uûlu j»îfu.»û(jjjj 

jjjL« jLû iiiUi jJj^-ÛJJ «_jJAuJjJJj 3 jj%uw j (ij^lS^j jjiLSJ—«J jj jUwAJ (i^j($G }<LÛ -3 
jjL« <u ^SLjjjj ^UjAuu. jjU 'û ; uj: j}iw jLJAUjJA 5 Ju<UwijL ûw>Su jjljLpp-4uG 
-: jj4SjJ ûljL j4J ^L jjjjlp- 4J^jjljLp iGLSjjljLpjp-JuG_} jG4jLiS4Jp-4uG 


:( Jûw ^LwLj ) IJjG4jLwS<ujj-<UJLj jjL4j ^SLjj^j ^jJUu 

}<Uw}u Uj}j<U tjJjJû 4J jJJJ }JLlw4w jjûjj j4w4J 4S J}<UJjSjJ JjljG }4j 4j|jL ,»<Û 

. J^4UjSjJ L }}L 

*jj4uW}Ij»uJ jjjj <U wJU j}p jjjL jjJ jl}U (ySiJJJj jAw 4U}4SJJ jjV4J ^Ljjj ULÖLS 
jj^U 4S jJJL jL<L }L jj jjALjjJ gjU 4uSL}jj }<U LLw4j l}<û « 4w>w jL djj <û}>û jj 
jjû j4S<Lw<û j ûjjjjjjL (Reflection) jjJJbgjJj <û jwjjG ^<û * j^4îjj4Sjj j jjpli 
. LûjnwLj j (Refraction) jjJULj <u JJj<L> $ juJj^L ]u j^JluSLwjj <uS<LuSL^j 
. uIjjJjLwu }L } L ^jjjjL }}J jl^u iSiij j4w4J ^SL^jj jj}LLu ^jSjj (5 ) jjLj ^j^ xw 
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JJ ^ijjJjJjJJiJ ^SLjjjj ^jŞyjp 6»5&\Sm i 5 Jjbj iS»jlu 

.Jj j* iySjJjtjlj 

. jjoA j J -SuJ IJjj^iLw j<LS<U ( i ) jdjjjS j < lLjjL' j<Lw »—>$»&»» ^jVJj ( I 
jruUL Ij jJ&Aj ,»ji» »jjj jij {yJhiS jj iySJj»ji» ( 15 ) UmoA 4S»jjjjAm JjJjJSii (II iJiuLS 

jLj <Qjj^ ( Ii ) ^SLoj bJjLS f«U 4 ( R5 ) jjJU- Jjlij: ( I 5 ) 4 SLÛ j»»ijJjjj jLSjSLZoJ 4S 

(^SAjljJ^ Ju jjJJj & JAj JtJ UmJJti pijiijilJ LAjJjJA 4 JjJj^j {Jd&djJj^ dS 4 jjASjjLj ^Jjjjlj 

j<LJ <LuJjJ JiAjJj <lS 4 (I1R1 )<L 3 LSjj j< lS»juh jjj <LS ^JjJjjL ^j^ JjLSjj □ jw 4 S 
J<LJ ^J£L£ .LilijJ Lj ûljjJJ ( I2 )J£uw jlw<L4JJ . JjljjJ b<LSjj£ JJLjjjLj «L AJ <lS ^Jjj^Lj 

.( R4 )jj( 14 ) j( R3 )jj( 13 )Ujjj<U( R2 )4J<Ljjb 
Ulj47 111 lj jgjJuijJJj ( IlRl )j( I 5 R 5 )^»^JtJjjj» 4 Ij^ ihU<lS ^JubLij jJj jJjjJj 
i»<LJ ûJjjljjjJ J$4_UjL£iiA jAJ <LJl jJS 4 jJJJJ jLiL-u lj4LSjJjjjLj^Jjlj4J ^SLÛjjj^ljöj- 

Sin Sin i = ao/bo or bo=ao/Sin I —. ûjjSj J42l& <LuJjjjj<u 

r= bc/bo or bo= bc/Sin r 
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: u JJLU i£AJ)£xû j LSA-iLS j U \jJJ . <Lw<UjU bo i£)jiJ jiJiA 


ao/Sin i = bc/Sin r ao/bc = Sin i/Sin r 

IJtiLijjj ^Sjjû^L) jLÛ JU bjljijjbJ jjSojLS<lJ ^Sbjjj <LS ,i<LJjjjJ jj<ûlSû iASUjSjU 
jjjjjj ( ao) Sj55* ^Sbjjj b ( 5 ) jjUj ijji« <U >ûjj£)) ^jUi ûjju)i bb ^JaSjU Jjjlj<u<u 
( n ) jgAjtSLfl iASUjSjU <û<lj<u<ljj<uaJ Aulj . jjjjjj bjb AJ ( bc ) SjjjJ ^Vaj «bb AJ 

:<ûLSjj 


n =ao/bc or n =Sini/Sinr 

)J&£ JjLSLu i<LUjS ^jjLw jjûjJf iJAujÊ ^JjLu jljij iJ)jJj <LS uJjASjJjJJ JjAJAuiSjLA î»AJ 
SJLÛJjJil . <U<U jbjjUj jbA-4 U<USjJUJjb JjLu AJ ^bjjj (jljnli’ AS AuLumIj jU j SjJ . 
^JLu 4b jjj( juLw )jAuVAJ <uS « ûbjJjJjb J±Lw tfLmwLj <LJ ^lj-b- j jLSAwjS ^jjLw jljû 
( V ). bLu 4Û Aûbjjj ^AjjjU SjjûLSUi S4SUjSjU( n) 4S jLujjj lj .jjAjjjljjjj bl921 
. UASASbjjj jjU jb <U ^Sbjjj ^uljii = v bjjjAA < bb AJ ^Sbjjj iljii <U <ubûjj 

n=V/v : AJljAS 

: IjAj«jj ujjjb jjj SjjAjLSî ;j4£JjSjb nl, n2j aSaj 

nl / n2 = v2 / vl 

jA<lU (jSbjjj JaSaJ AjljAffcU ( n) JjAjLSÎS SA&tjSjU AS ulJJJ ^LuLJ AJûbSjb j<LJ 
j<U ^Sbjjj ^jljij- IjAj jjjjjjAS ubJjjjb s n jaSaj jû ^SAjbb Aj ûujjSjj IjaSjjU jb Aj 
. ûjjm b jj ( Snell's Law )Jlb ^LU aj Ajujjjj<u j<û . ûŞjjj jiijU bjJjjjb 
JuS UljjLjjjb uu ûûUjjjjjAS (jASjjAjliLw i<LûUjSjU <uS UuSujUjjb Au jjjjJUÛu ^SLÛjjj 
UwjS jSLb .Jj<bijj<LSjJ Jjjj jjjjLtt AJ (jSLÛjjj 4 ûijjiSjftU ^ASjjAjLSLu (jASUjSjU 
jÛjjj<LS ( refraction angle ) llÛjjÛ)j$jS < incident angle ) 

( Critical angle ) jUuJ i<iûjS b<GLS j<U . 90° i<uijS ajLSjj jSû .ûÛJJJ 
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IJdjLaJ j tjJ^JjiSti J^jL^ {jijmÛ {jtjUitjU jdij jmi Jj (^SU $jj \$tj UjU ti jûtjjiS 

. (6 «jUj tjtjlu ) ûitttjjj ( Total reflection) ^ÛSjijjju £j<u $ ûjjL> tjJjiSJj 



tjtj? ^SjJÛtjUAS jJjjJ <jSUjjj ^tjJjJJiSJj j! jjj ^JJjtjJJj :6 «jUj i£tj lu 
.jjij S4*j£ 3 JîSS i£«j4jh gjJb 3 j^- jwAS ^Sbiij^U jj 


-: iJjLStjljLpjj Jluû ti U jLt <U ^SUjjj ^i^ j4 j 

)jjjJj JJ jtti jjj jjb ^ISJlÛjjjAuJJ JS jAiliU jJj jlSdjljU? j±Jj jû j:U IjSUL JJtj 
jjjSjj Sj-b ^JJJti SJjJjSjj uS&iijjJjtJ jlStjjjii iyijj) IjUliU jJj ( ^JLuyiU ^aJjj jJ jSst 
jU . uLSj jAJjjAJ jjjiUjLi ^AlwljU AJ Ûliti Ij tSjjt; < ^iUU Aj ^SÛjjj StjAÛjjijj'ih 4j 
Jj4J4Û L mljL j4b jûJjJj dS ,ûuJii jjJLi j!jUy ^ljw^ 4 j hAihU j»4J jjSL^Jj 4S AJJjAi j4J4J 

. LoJJJjJulU jJbJ ^S tJÛAi 

Ijjj t 4ÛL) ^SJJAij^û JjL j»4J ^JjAijjSi^jj ]j 4S tûJjSjjij ÖJLwJLS jjU- 4i33^j AijdSij 

. ûhiijtjjJ jjp <jS\jjjj iS jJiSiJaJ jSbdJ 
SjLS j û-ifStijij ( Iceland spar )jilûjjj Sjj? 4J öjUJLS dJbJL^jU HuJjJj fUÖ jj 
( ai,a2,a3 )<jJj~u U ^iUuSJj Sjjjl) stjijAÛ \ju JSjjjh Aj ûjjh %ju &*)jj jhtJj öjUJLS 

. JjjjûmUA) hbjmUÛ ijijtmû jimJ jtmUil ( C )Ûj jS (jjjjjLu (jSiJtjtjiû (jjjjJ ^ljtjLu t jiji 

. jljU?- jS JjLj ^SijlS aLjjj öjUJLS JhAaJj 
-: öjUJLS Sjjjh jijJjijSjûlû 

ShljU jh ûjjjljûti IjujUJLS jSjjjjh jU aj jSUjjj jjjjijAhû Jjtjjj? StjhijSjjjj jj 

-: ûjjSj jtjJAJ tjtjlj* 
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j4S4J. ûbljuuS ijjj j2dj ^SÇUL- 4S , jjj<LiLS 4^jb j4w 4 Sj4^-jj Ujl m ÎLS ^SjjjJj ijjjj -1 
. CujjJH JLj jji lj<Lj . Jj4S<L_jLyJLS iJjjjJj JJjAm 4) 4j!j .ûj4Sj4jU j4J £jJ4u JjJj4w4l 
jjj <LS tjdjjyuu ÛlubJJ J j-i UlLjLuJLS JjJjJj 4J j4oJ ^Sbjjj 4S ÛoJ4J4IjJ «$4J Ju4«4j 
Double )( jj4jLSLw 4jljjj ) ^UIjjj jjjdjLSL* <Lj 4jjjjLj f<4j . tjjijS û_wjjj <jJjtj ^Uj 

.( 7 jjLj jtjnju) ujj^yljjj ( refraction 

< ( 1 JjLjj <^L3-) UJJJJ jjjSo?- 4Jb- jjj j4J ^S4J U4S4ULJLS t)jjij (.$Jj4j4j!jjju tPLSJJ-l 
4Û tûuJJJ 4l4J4jjlj j<Lu<U ASejdjJÛIjjjmUt( 2 JjLj ^JL- )tjJjJjjjiM»i jLjJ (54S4ilj- f<5f4J 
«<Li j»Û4j t j ( Ordinary ray ) ^LvU &&LU L&tj&* 4JL-. <p4j4S4Ltjjjb (1) ^JlS 
( Extraordinary ray ) ^LuUU&&L jj 4j ûLSjj ûuujjj <lSj^Sûj-L 4JU- <lS ^45ujj 

. ûJjuljjJ 

jLj 4J 4 S<LjLwL 4JLj- <LS ÛJj4SjJjJJ« ÛJtUj 4S<UjLLLS JjjjÛJ jjJ4_w JjV Jû j4S4j-. > 
Lj ^SLu t^Uljjj- <LS Juûd<UyJJ Jj4j j24_j 4J. 4JJj4S4ol iinL jj4w <Ulj- jj4u 4) U4SjjjjJj 
^jjiu) iStjjjh j(j 4Lju jûbj £tj4J SjJ> 4jjj 4S. ijjtjjii yjLub tjSuuJ ^Jljyû- 4) ^jLwb 

.(7 Jjbj 
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<U ( Double refraction) ^jIjjj jjj<bL£«: 7 «jUj jj^u 

. IJUjUJLS 


^>jj<Uu<b £> JLS ( jSj<Luu<b>- <U dJbA^jb jb ) jLu^J jbbjjp £jli- idJbJb^jU jAI Aj-4 
tJjjpUjLSJU JLS Ij jJUjjj jljjjlJ <U ^SUjjj ijAûuljU jaSaj . ûIjjj jûmIjU dJb <b ^SUjjj 
j<Lu <LJAj-JJ ASLLJUjjJ ^jjjJj liLiiO <U * ( 8 JjUj Jj^uuû ) ^4 £<LJjJjJ (jûuuljU <U LuJ ^uJjJ 
j<LSj ( 2 ) uujjj jj jLS4JU - AJ U L Sd J jûujj « jjASjJ ^SjjjjU jU (jjjJ.*u j jS<LjLuJLS 
jU<L& <Lj <LS<LLUUjjJ ^Jj JU mljU Ld ûû<U4SjJ Jj4Û jûAuJj . ûj^LÛJJjJJ ( 1 ) jUjJ 
90° ^dAidUjjJ jJ_UlS |»^<LJ t^yJjJLSjJj JLLuJJJ <I_S J ( 1 ) yjjjAU jj<L_<uljU 
<LS JLjlj yjLUU ju<L«<û. ÛÛJJJ jj ( 1) ^jLU- j ûjjJuSjJjjJ (2) ^JLU- u-llujJ, LLuJjjj_uJJ 
!«4L . ^jjj^SjJJ <L uJJJ 4S «( 2 ) ^JU- jJjAJ jj<L<uljU 4J A.Uj JÛ jUUjjJ jjjJj jjAiûuljU 
. Lujjj jjûuu jÛS<b jLwd jU^Sjjd yjAÛLuljU aSaSLLj jjjjAA jS ÛUjASjJjjJ jUjj IjjjU 

dJUAJ uUjJlû ÛUjSj jujjJ j ÛJjiuSjj ÛjLuuJLS yjjjjJ ^LSASjJjAuljJUJlujS ÛJjjljJJJ-5 
LLS<U jLÛ<b jLwU . ûbJJjAÛJ U ( C ) <jSjj<Lu ^JjJ^AJ <b LS j<U<LûjS ^J j 4J <Ulj « jjjSb 
ÛU<UaSjJ jjJU j24uÛ. ÛUjÛUJJ JU- d<U L^j<G IjAÎ «4S4ÛJj UU- j4uu <LJjAJ jjjj jjj j4J 
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!><L) j&A j u—uU ^jjAJlSuû uJZjjpj Ij ( C ) Au ^JjLllj fjjj 4-S 

4J4uu!jIj 



■Jjjb jjt i£tjdl ^Luljb jljjj £JJi§JAJ l 8 djUj i£t£XÛ 


IJJjJÛ-wljb î»<LJ ^SLjjjj J ÛJjuljjJ ( Optic Axis ) ( jlj&J Ûv4A )JjljMJ Jijijjj AJ 
. ûjjjJuûj I: b jb <Ljji djj ^jLSbjj- JujG ^SJjjjU <Lj 4jIj jj<Lj 

-; jLSjjljLu-jj-JujG jjjjb ^Jjiulljj 

^-Ujj Jb lÛj- ) jljjjb <jJLS<LJjj jLlU Jj<ûjjSj j AjIjU ^Jj uuS jLSjjljLu-jj-LuG jjU 
jLj jlj-Lu ^JjJjAG ^jjju ^UlLu j<Lu<U 4Jlji>b j><bi ûujjlpjJ. jj>b Ju jujj ( jJL_u<L 
-: jbjÛJ jltjj uujj jAÛJ IJjLu jjGLSu ^jAj ^bjjj <LS ^LSiuljb 

: jG<Ljjjjj<LÎS<b Jjj>b-A 

tftjtjJjj J<LU JGUAJ <Li. JjAûjjiibjJ jluAujVjlj-?- jibu ^jbiUJjj Ai j4j)jj|>b jAÛ 

. (C ) jjj!>b ^JjJjG <LJ LluJjJ aS 4J4A jlujjjljûu 
: jGuujjjjG jjj Jjjb-B 

^jjl^Lu ^JjJjG jjj ^jjj b jj<ÛJjljJ jG<bJjjLu j ijilSu j oJAbjjAJ <UJjj ^LSjjjjb 

.jjjubjj j 

-: jjjj45Lui jjlj<Uu<b- ^Gl^SuJ : >JjjJ 

ûLGjj jj4_J IjlSjjV ûuib <LS yjl—ub ^SLjjjj ^ljjjjjJL-bj ^-LuJjj jl— u lu Ljj 
ûluAJJ ;jjLS<b <LS ^JLuSbjjj jJÛ (jljJLu Jjr ^iuJjj) jGjji<LS ^iuJjj j»î(<LJ . ûiu£jJjLS4J 
f>JmJ ^ijj4-S Û_uJJ4J 4_JjJ .ÛLSJJ Jj<L IJ4iuljb L<LJ<U LçjL <LS * JjljçLSjAuU^- ^SiuSbjjj 
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IjiLwL Jtj;J j»$<U Sij 4_S u!j>J IJLiJji j[j A» AiJLuilj jjj tUmJjjJ <LçSLjjj ijj? 

Uijjdmb 4 jiijAmhU IjUJ jLUj!j.SjjLj (£47 III IjL ml&mi $4Ûlj4j»j4>3 jÛ jjjAA^S ÛLj jl j 
jj^JJ $4 muIjIJ jAmU j jjjku (£4Ûu!jL Ai iSijjSljjjj JiJjSJ& j6mA 6& 6J ûjLLjiJjjA ijijiŞjJj 

) ijijimmU ijjSjJdJmjtijr j ( PoltUÎZCr ) ijijljmm? gjSjAlU i i j4» ) dSjjSjAlU i «A? jjijdmmto. 

JLÛIj ) »ji lS<u (£4i!j4jeij4j jjljLu- Ijjj4l jJjJA jlLLI^Suu jL<L4 ( AncilyzerjjjjJSuu 

. jiSiiySjd.jjidJ!' (jSUjjj ( iil4J jAuAJ jjjlw 

—s JlûljJJ . jjljL? !4iL4S4ul^5yU 41 <Û. ûjjiuuL jij4uu<U- jj*- jjJ ûijiljJJJ 

:( Nicol Prism ) ^jSii <^4£jjû-1 

jLu- ,»4i<UjJ <Li jjljjjLL jj<uLlj jjj ijLfb ) ûjjuLf: 'jjSjj (jS4£jjÛ4J 4i 4i4çjjJ ,»<û 
jjLÛ- jLtjllj ) jjjjjjii jlijjlû- 4S (jjljjJ ^jj<ÛLSu ^jLijjj j<Uu<LÎ JlLjjJJU ( Jjjjj5îi£iiujjj 
jji <U d4u ^j^JjJLÛJJU ^j LÛ4U iJLtLû <Û <U <Li ûûjijj ûujjJ lj. ( jLSjjljLj-jû-4uJÛ 
. ûlijj Jj 41 JÛuljL ûl<U<U Lû<U »ji&AStejj$ 41 jj£jJJ ^SLjjj JJ4J j4J4l . ûlJJ <Û 4SuuJ 
tSjl-S i$*jjJj 4 ui j Slui u&Apjj jj J 41 4S ûljjj jLûu JjSjj jS&pjjj ŞijLfijJ (9 ) JjLj $»jU 
^L4J jLuL 68°, 22°, 90° J$tjU (jJ4LuLj (£4ijS<U 4-S .ÛJJLSuJ ULÛiij^jLuJLS 
. ijj&ijjj jjljjlujjj f> 4ul4J IJ4Û4S (£JJL 41 ÛÛ4J ^Soû^ <U j jjljSLjjjJ 
j (jjLuL ) Llj_L jji jj j^JluSLujJ. 4S4S4u-jiû $»j»j-£j $jjj j4-u4ÛJj4SjJ a SLÛjjj LLLli 
LL jUjU^-JJ 4S4SuLJ jjJ j4.A. j4ijj j4ljj4l ji<U j4u4l j jjjiuJJ jLSjjJj44 4S ( ^jLuiLL 
;j4iljSjL $»jAJ jdJdj . 4S4»ul4J 1 J4 j 4S jJjL 4jlj 4S4S4 &jj£ jjJj4A jljjû SjjjjU <Û4SjJ 

^jj4jLSLfi (j4 SJjjjl* 4U ijJijjUSjiJ (1.658 )(jjLuL ^SuLaj jJ4S4S4u^jjû SijJjLSLi 

$4 i^Jj 4U . JjJÛuJJJ £j<lU (^ÛÛ>S i*li7i iii) jL4^ <LJjJ ( 1.537 ) 4 S<LmU4JjJ 4j4S 
(jjLwLL (jSJûjJ |»U 4u. ÛUjjaJJJ 4S4S4u^jjû $»j»j»i ^Sjj ^S4 ujjL j4uV4l Jj4i4i4jjjjû 
(j^iljSjL 4Suj)-» ) JuJdi j4jl 4J IJ4S<U««û44 IJ4Û4S 4u uLuL ûlJJuV $4û»j»jJj4S Û1x 44S 
jL4LU (%uJ4jlJ<Û4S .£fj4jlSi ii7i (j4SîljSjL 4J 4ijjj ^jLuL (ySûjJ gf J 4S4S4 £jjî $» j4jLSiiî 
.(9 JjLj (jjjiu) ûLSjj Jj 41 Lj-4Jjjj J4J41 j ^çjjjjj fj4S4S4£jjû 41 4SuLj j»<û j (LLûL 
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:( Polaroid sheet) JujjVj j jb jZjJuuaA? ^jU-2 

a SLjjjj 4J lj 45 jJjSei ûuijji Ij 4JbU |»4 j. bû »jjj uZUjjj i£$l jSjlm^jJ j»ib> 4J LluJjJ 
^S^LJjJU j 4U JJjj. ÛLi;j jALjjAJ U<L_wljb JJ 4$4>uSbjjj jUj4w 4 uj4£jJ Û L uL jJÛJ 
l^4S4&tbu (_jj«^Jj<Lu.J<U jlj j4&Lu J jdJ ûLSjJ ^ÛjJ JJ ûuûwJ jJA 4 jLûL) *jljLy^$^4.uLj 

( Differential absorption ) jltujjj-? Lj^ûjûj <u jjQ'sjj j»4Û <u^jj<u . Jijjj jUjû 

.Jjj^ljjj 

lj|_wljljn4 ^JjL«4-J jn.uJj._J jjjjLS4_J lJ<UjLn4m. O i»4_û <L_S j<LÛUU j4_û jj j*£jjS 

JuGjjU j jiJUjjj djj jLSjjU- <U djjLÛ44 <lS ûjjÛjj jj4j 4û«j^j . ( Herapathite ) 
d<u<L Lû<lû ^Sbjj^ c j^£jj<uû<u ûj jLûLSjjj$b 45uj£ . 4 j 44 jLiS4.ûjjj>- lû ^bljû 

JJLj JLÛ4£j 4A . ûûjjjj jbjû £$4j J ÛÛJjljjlj<Lu«4L- <LuSbjjj j<Û ÛLSJJ Ij j jJJJJ U<Luljb 
. jj45jjÛMJJ 3 j jÛljjAA j»$ij j<L4J jjjjlûu IjLuJJjj (^jjjSutfJ jJ 4) jûbj jLS4jjjLm4m n 
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V *** 

( Optical Properties of Minerals) 


,uÛJ JiiJj&mP' j ( jjLu jblj ) LUJ ijijjjdJ jÊjAdMAA? <S ij\jSJuMjji Ij jLSdj.J4iS (jîuJijş 

ijtjA^mLmU ftfJL) « ÖL^J jljuS jAjjjiS^ (jSL Jljjj J AtlhS<U {£ijAmi jU 4UljLSLjjj pHjdiidJ Ajlj 

jjjLu (jSLjjjj fkjJjAj öjjjipj: 5 IJûLSJlluu <ujjLi j jjLj ^<Lu$LA jljjj dÛJjdSa 

dJj ^LuAjLSjUAj Lû4j jjjSLujbJ jLiLSjjLLSJj ÖUjjlpjJ jLSjjLi- Julj . ijijJjAijjji jb 

. jûijtjiSjJû a jLuAjLS<LJJj jb ( iJJjl^ jj&jijuAt.? ) jSjA^uA^ 
-: jj<Lw<U <U ujjSj jLSjjb- ^jOfljj ^jjljûu ujjjl^jjJ 
( j jJjl jS- ^j^ŞjAmiaAŞ' L^jAJ ^jLuAjLS<U<U 4 jIj ) Ijjlj^iSj AmaAs> u^SL’iiJ jjj <U jLSjjluijj-1 
Sbub jb iStjSjJ mia is^ jjijAA ^jLu^jLSAJJj) iJjl j^SjJmiaJs^ ^.Sbjjj jjj d jLdjLifljj ~2 

.(tjAJuUULi iSjljJ ijJjS-ti tjtji&JJA 
IjjI j&j&uêAte ^IjSjS ^jSbjjj e jLu&jLS<U ^ilS <U jLSijLûoj-3 

.( Conoscopic study) 


-: JjJjl>£ SjSj4uu4? ^jLu&jLS^JJj L$j<b jLSijb’^jLSijLîjjj jjIj»uj /j»4SJj 
£t$tjti <U tjtjJ&jjj <blj ) ijJLUjîljSiJ jLûi ijjjl^- ^jSjJluuA^ e iLu4jLS<U<LJ LûAj jLSijb- 
, AJtjtjti <U jSjjLÛIjUj.1j i£JLu$LA <LS ji$JU LuJ LuJj JjIj >ub LAijjJb (<UIjjjJ.SÖLÛ jjl$j 

-; jjjSuJjbJ j jjjSj j*b JJi^lû f>Ai ÛJjjljJti jlSijlûdij 


-: Form i^lû -1 

ijL« .j^jJj 4 u tj^J SjLuU JS AujS<L ujj^U ymiii'jj jt$ij\J&Mjj jLSij^Jj jjjuî jb-jjj 

Luub ûmuijji $j jiJjjj j jjSLÛjij Sjjj-lJ jS JjtjjJû ^bjj jb ijjjşm dij jLSJjjj^Ub 
IlûLuSjû V jjAu* jtjjjû <U JS jjASiJjiJ Ij « jjjU<U jjij pLtu<L j^jj j<Uk<U AS ^jlSijb'. 
Ij jLS<LUijij<LÎS<U (j-uAJ ]u i^JLûjJlSiJ <S jJûljLi- j<û (10 ijbj jjjiw ) jiJU jLuu jb$> 
4J iJ . jjj j jj IjS^jjU jUûuSV jJjjSjJjJ j JLuUj jijuw JJ <(S I JJjJjJ jjSjJ d jj dSiJjiJ 
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IJd_SjJ 4 bb ^JLL <UJ ljj£L24& jlJ ^lw42 j <jj<ûjjj4l j AwbjSV j &u$£j ^jLSdjilw 

■ (10 4jL«j *ia$w2 ) j^ASjJjJJ 

(Tabular) j jb a S^>a ^Jiiw 41 jja : ^i^aj ^ji>b LibLS jLS 4 ujjj$ 4 i _jj : a^L?- 

4ûb . jLj ^jfSL^Aaaa J 43 jjjfja; Lu-La- tpilw ULwJjj ^jLSaSjJ 41. jja: 

tfjL«j ) ji^SjJjaJ lajL242 jL| 42LSV ^aj)_i 2 Al ^j^Saj j (^jLujjLÎ <j jb4 <Jjj ^aSjj 

.(10 


-: jjjijL$JjLS4J jlSajL?- ^jSiaJ ^Jiiw ^JjSjLmLuwjj jj a^ljlj Lbij44 ÛUjjliJaJ ^jj^SJj 


. (anhedral ) iijjj a subhedral ^i^juLj ^j , (euhedral ) iljJjjij 

, ( needle-like )<jj4ljjjaj , (rectangular) ^^SoSV a rounded )(jJJjjb : jb 
, ( Granular )<jj4ij5jj j ,( Prismatic) ^4*^ , ( Rhombic) ^40^41 

. ( Fibrous ) ^LwJj 
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tj (jjjj ' 1 J a t * ' 1 jJj<U '^tŞJmJZ J 10 djUtj ^t^XmJÛ 

j e-g .( MwAw j ^lw j Vjl^ ^jLSa^jjj )jLS«j«jAj JJaj jjL^ (jj$>I j j j b-d . jLSjjJlUû 
. ( ^jiitw ^ (^j^LSAj j ^jJAjjjjAl ^jjL544Jjj ) jL5jjJ^4J iJJ to^ jlji>LJ 
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—. (Cleavage) jij&Aû -2 

.liS<!U4iLwljlj -LKU- <U jAJaj _J j:jö<Lu jb jjjJ yjj^SjjUjJ jlJ £jj4u 

jj<LbUjb Ju jLS«jj|>b ^jLSL . IjLLuJjj jJjAJ jLSj^lb- ^Jj4.Lub ^jjLS^SijS Jjbfljj AJ jSjSjj 
^JjA j!j4J a ijjö<Lw . uLSj umjjJ jlj<U ^JjÖJlu 4S i£j$4j <LwjjJ a iLS<Ujjjb Jlu-Jujjj 

.( Aj<U UljUJLS j LSjU ^jlSjjb- <U dj$) ijLSjj uwjjj dbjjj j ^Ij4j$Suj 
j jUuSjjJb Jj djj »<Lbljb ^JJ jb . iLLulJjSbjj <U Jjj .CbU4A4lu!jb J<U L$3<U Jb4jlj4j 
_J CuJ ÛLjjb jJjÖJLu UlSujLSjU . ULjUJLS ^lb- 4) Ujj <uuJ44 <Lw!jb ^ui jb iJLljjujjjj 
UjLb- DjjLj44 <LU. IJLÛujjll ^b-4J Ujj .LûjJJJjb ( Poor )Jib4i 4J LuJ 4J ^4lwljb d4J 
^jLwb 4 j 4Sjjb- ^jj<Luwb <lLujj jIjSjjLjj j-uub jljSujbJ ^4lwljb4j jjjLa<û ^j^jj 
4J4 ll iTi ii \ijJJ j «4J jjj)7 iii j^<U j4_w 4J j j«J4U jJjÖUw 4J J4«$S jji j4^4J ijjjAJ $J. 

lj<Lj jjjL L ^SL -.; jb 56° , 124° ^jlSA-ûS jJjÖ4w J4 «^S^Jj4^4j jb . jjuSjjJb ^JjjJ 

.(11 JjUj ) jjjjjj4J (jJJJjS JJ 4J4jLuLj 

Faint j»4S < jljV Perfect j)j4j Clear jbj 

.ûijjj^JjLS4J jJjÖ4-w ^LSLu-Lu- 4b4«jS jlj-b t5<LwjS ^lj-U jj juJjj ^jjLu ÛJjjlpJJ 
tûûjSu uJj4Û j>Sj4w-44j- i<L«ljb 4J 4jbjjÖ4w j4l UU<LjS ^4Ûwljb ûijjljUJJ ^LwbJj 
<LJ j»jjjj ^jjujS aSLu ûbjjiijjaj jLub jj4Lujjijûj 4SjjLu j4ui4t j jjjûb-jjjSIJ 4Jlj 
jljjj ^jljLu-* Jj4uij-UjAJ 4SjjLw j4w i£jj4iJiijj- jLuJ. ÛÛJJJ uJj4J j.Sj4-u4j- ^4ûwljb 
. 4S4 JJjl342 <U4«$S jji jljib j<U$S ^?-jj4J 4ÛJjJ 4JJj4i-Luj^ JjJ j4j 



(C) (B) (A) 

* j4-«$SjjJ — B • J4«^S L)4j .jbj -A . IjjLSj^lû- 4J jJjÖ4w ^jjbjj^ t 11 JjUj ^J^-U 


.J)jjj,u<ij 4j jJ jtf<U < j<L$S J —C .Ll4Jj4w4J jjjûu 

t( Pleochroism xiijj^ljjl <( Color, Colour) iijjj-3 

jLu- LLjJaa. jjjjjfi ûjjj Lçj-Lu- ^4b <b jb jSujj-u l4jLSjji4S ^yjJJj^ jjj <U jlSjjb- 
. jrbjûjMS ^Lj- 4ûjj4*j jj jj4lbjuljj jj4jj44j ûjjjljjjj j <U4Sjjb- ^jbJ ^SujLsjj lûjjj 
SJjjJj <U 4S ^4Û!j4J û<Lu!b 4j .uJjjSjJ 4Sjjb- ^jluuS ^bL^S-U ^U4ÎJ j4u 4J jb- ^SjJj 
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<U ^bjjj IjûLSjjIjSjjj jjljLtf-jj-^ulj »$\S 41.4jAA yjLuuS ^SjjI^j 4jIj 4 jlJJ^ûbj 
<U <Uj^b- {^bjJj <U i£ijAm J (jjA AiMJJJ Jfiijit J. ^4uljb (£b4Û j4m41 ûJjjJJJ jljLt^ 

JU UJLijjb- ^jjIj-uj <U Jjjjjb: |»<û. ûijjSj iJjljjjljJLuAj- ^Sb^jj jjj <U jljL?- ^Jlwljb 

. ubjubjj ( Pleochroism ) Jûaj^jljjJ 

^JjjS ^jl^Luj- Jjj ,jjj_w<u jjj jbjjJLuub jj 4 QjLSjjb- jU Jjjj ^iljjS (yjjjJdj jb jj$j 

:( Relief ) jl$il * ( Refractive index ijjULSLî (£4SljS$U-4 

j24JJj4jLSLw ^<Û . J^4 mSuJJ JÛJ^b jji jl>*i ^SU^Jj jU jj jjV 4J jjjjiS u&Lijjj Jjjj 
ji-i <U a SLÛ$jj ^ljûj- jlLw jLwb ^jj Ju. jjlJUJjjjJJû j^4bjjjj«b jb a Sb$jj ^lju- 4 j 
yUljjj- uji^ (n) IjJLjjjb jb<U> ^<ûLS-i ^JLSUjS^U jjJLiU ûbjjSjj <ûij<Uuj IûSjJ jjjb 
= j^ûlSu (£4SljS$LA b jj . 4Sj Jjj«b ^ jjJûLSu (j4SljSjb <Lj ÛJj^Sjj IJSjJjjjbU ûiub 

yUljjj- Jjju 4 jjjjjjuS J<u<U jbjjJûLSLu ^JLSUjS^U ^b-jj jLSjjLi- ^<u <ûjj j<U 4 1 
. iJb «b Jj ^ASjLuIjj^ JaSU jJjSjjjljUU jjU4S ijjLSj^b- u—S U ^jSbj^j 
jU-ju ^jSjjj^Iu <U .ûujûjj^uS (£4S1m$LA jjlu- <U ^jjJûlSLw ^JLSUjS^U LÛjLi-j4S<û 
i£jLb- jJLSjû jj 4 ilj<ûtû<û. ûûjjjjLjj jjjJû ( Relief i^iLSjjl^il jû a S<ûbb<Lj ûjj4Sjjjjj 
4û ^jLSjjI^U jlu jULS iŞjj^ iTiJJ IjU û_ûjujj ^4SumjL4 41 (£jj4jLSm (j^Sl^Sjb j^IjJ^SjU 
^Lu- (jjLSjjl^ll ^jjjuS^jjjJ jLu jj^uSjjJ.(12 JjLuj ^J^lu ) ûjjuSjJjjj JjL*- ^j^lu 
jUy ( 1) Jjluj ^UÛû- 4ujj 4 <*SjjS jjj IlÛLSjjL?- (jjj4iub 41 lLûjîS4J ^J4^4l a jjjSjj^lj4J 
jjluj jijjfj )jjljSjjj jLûlSjjl^ll ^uj4SjjJ (ju 4 j 4S ûIjjj jLLu jLSjjLj- 41 ^Sjj4u <j24j 

.(12 


. jLûLSjjl^U j jbj^jû tjJ 41ÛÛJÛ44 (jj^4i^2 j4Sl^S^L4 jljiû ijjljL^ $ 1 Jjbj ^Uûj- 


jÛ4Jjjj 

juu 

^JÛJjLUb 



j'i^ 

1.8 < 

1.8-1.7 

1.7-1.6 

1.6-1.55 

1.55 > 

(j4Sl$SjL4 

j«<ûLSu 

û&i 

j^iujj 

LSLb 

jûjtiS 

jtLbu 

4ijfb 
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• liUdniî4J J4^4l JjjIj4jU jLSj^b - ^jl^J : 12 JjL«j i£tjJub 

. IjllÛjLI i£$L i-41 Jj$ ( + )jb: jjjAJ iSjlj-jl : A 
. IjLuVU d dj^ ,»jj ^jl^JJ : : B 
. Iduljjiî iJjljdJ dij ( - )Jb- ^jljwl : : C 


^JLuijj jJj 4J lJJ4STi.iiijlA (yûijSi jjlj4u ^Lû- ;£dj4jL£_w ^<LSljS$U ^jjj&jUJ 

ju u-wb <u ûujjljjjj <£ . ûjjûlyjLS 4j ( Becke line ) ^juj^iuûujjljjjj ijûlSjjJ^S 
wUjUJ V ju_u jl^jj- jljLu <U wL uJlS dJuLS wUjluJ aj 10x,25x ^LSJLulu jJjjU jaU 
ûjjjljjjj. ^<U4ljSjjj jj wöijjş-jj tjdSAjjJjSjii 4) (jSU ^La. (Defocusing) 
^jLSjU. lujSJ JlSjjU- (jtjAjLSLu jJuSJjSjU ^ySjytu $ <jjjj^4Û ^LLUumjj 4jj£lU f>Ju 
(ySLjjjj ^.SLLA) ^JoJ IjJLÛ <( Focus ) ju-U jl^- ijL) jjj jj j^JJjj (jjjlû ^jjûljuu 
^jjLw wLpLS tjdjljAstjj 4j ûjjjjAJ jtjJjLSLu jdSJjSjlA tS LtjL? j\j jj uuJj^U (JLuu ûjjj 
jjw4i ^Jj4JlSLS 4Û ^jjU- jAj ^Ju-mljb <U 4JuA lj4J tjAjJjSitjjAJ jUJjj 

. ( 1 3Jjbj i£j$Lu) uxljjpti 



ijij.ijSis i>jj jLw jûu jjdlud£jJ jj<U jjLu 

^jjjUjjS j»jU jjjJU ^jLSU ^JÛj^ ^JLUIjLjj y-SLu ^JjjJ ûuujjt : 13 Jjbj jtjlu 
. tjJtjjiS |»<Ui<LlJ4i<\S 41 4Sj$b- ^Jj4jLSU ^^Sl^S^LA IJJjb ^41 . iJ^jLS 
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. ûljij jLubU j ii L b JjJU (L& ^Iujj :2 ijUj.j47in> 


iiAjlSLû j? JÛJiS^lu 

ib- 

n= 1.4338 

ÛUljîlfl 

ne= 1.5533, nco = 1.5442 

pjliS 

ne = 1.6585 , nco = 1.4863 

ûjLJLS 

na= 1.5301 , np= 1.6816, ny= 1.685 

ûjbiSijLi 

n= 1.7714 

ÛUjLS 


:( Fracture ) £LmSj*-5 

^jJÛLS-i jL?- jjj |»îf<U . jjjlfi Jij 4<Luj IJÛULÛ jjjÖAj (ijbiij jLSijb- <U LÛJÛAA 
^JubJjJiS (Piiujjj JU ^JLjjjJJj ûLjJÛLSLu i»JLJ i ûjjLujj <lSj^Iu- £$ij j<Lw<U LLu iSJjlû 
i£ASj AJ Ji»haw ^gji i m Siii7i jiji ijjj jLSiib- jûbJjliL; iû jlji^ AJ . L lu i^ jSj^U ^JiJib 
. djbj iJÛbLu (jj&u&u ^jLûij j^JUjiJ i jiLdÎJ ijjjliS ^LSiib-. duJiSjjb ŞiluSm jb 

:( Twinkling ) diûUi«jj-6 

tjL? <U LÛJLjJb <U JlûJluû <îj.Ûj i uUiJLSbjiJ iJLjLSjjL^- ûûl <U ii<LjLwi«jJ jjlûflij 
Ij-Lujji tiijLw (iiibjjljii-w ^jLSjU. ujLuJLS i ûjUÎJj: Jij u jLS<^jij^uijIjLu- Î><LjG 
.ij<L-ui<(Siijii iibLiu:i ûûtubjb:i ûjiASiijii <lSj^Iu- ^ijöJL jglLi ^LSijliU 
< jj<l ^ii<ûLSLu ^ASJjSib d<u <U jûbj <biib-<LS ii<ûjjjjL iijjjj JJijjb: i<û ûijjipii 
^yibijJjqJ iU JÛ« jJm Î4J liJjJiS (iiiU (iiibbJ ^JLSJjSiLA JJ jSjjj jb <ÛLû<Lj jLûûJ j 
jJm i ÎJJlJJJjS ^ijJjK.iTi jLÛJiSilU JÛ jLujû lii^Ui iiiûUjLS<Lu ijjŞj.iTijiTi <Lu ^ûijb- 

LJ u_uii uJj<LÛ JÛ4 jJ.S iiJULSLS j<LSJiS^IU uLuLS. Ij^LS ^j^ JjJUljiiw jjjLSJJ.ijUij^jS 

ASjjjjû^L-J eûtA iJLSijiib ^iLûijiijJ <LÛLS jAu <( Polaiizer ) jSjj_uj.:^ ^jj jJ (jT^^ûiij 
iiij<i_I ^JLÛiij JLu ûÛJiJ uUjJuû J_Sijj<LJ iiJjJULSLu ^<LSÛjSib LLÛÛLS i ûûûobjbJ 
jujJ jLuj jlûijjjûiûu ^ûwA i ji<LSiJ jiJ<LJ jbijliii* îiLS ^ij Jjjjljiiw jgûLSJJ< jSjAuuA^- 

.(14 ijUj liiiLw) 
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. LtuLJLS jjb- <U ^jJjbi : 14 ijbj jijiw 


-: jlj<Lu<b- ^jLL&jbiU <L jLSijb’ a jLSijb3ij i$ljiu / ^jjjj 

ijij jSj ii"i j7i» Jj)lJ 4 d£tjSj4m jji jt^ ^jLLAjG4u4J jLSj^b- jijU t JjSb ^LSaJ 

jLçJ jijAJ bij [£j£jdtn A&& AÛ ^uLU ^jSbjJj jfciJjU A>Uj^J (i^ijAui jjSj4uu4^ ) 

jJjSÛLuiii juuU Jj)j[j ■ j->ii-bii jLS<U j4_u4J jSjim i4i- jjij4_& i£tj4m2 ^Axuiljb » IjSbb 
ji4u juJj4-j , jj i5 I_u jiS4_J j4_w4J jSjJm i i4» jjij&ml 4_S . <_uLLJj ijJ—LJjSoJ jjLS<Lu 
<LU4 ?-jJ ijijASo-u bLÛjLSi wuJljnS<Lj bLjjli- gJ<Uul_wjAui 4jlj » wuJii jb- a iLu4jlS4J 
<U LbS<Lu uJujj i>J4b juij jJlSju uJu Juij jIjJlJj ju_u jjAujjj JJuiJ » a SLbjjj ,»iJj<U 

. ûtjtSti ûutiAJ jljtû (jSjjlû iSG û.luJjuu jLSijSjJuuA? 


-: LûLuS4Jip-4uG ^SjjjjU jb4J ^bjjj a i^Jj<LÛJ- 1 
jb4U 4u bJuJLuljb ji jAtmb 4j LubLb ^Sb^j 4S jJjiGiib jb IjSJb juj jtjiJ ûtj 
j&û 4bLb j»<U Jj Jiiûjjjj i jLSJÛLuuSJûip- JuuG iiLu <U ûbjJiJ jb ûbiJ jJluJ yjljii- 
iiLu jt-jûjÇû Ui <LU( û— UjLS bij) jjj-Jj <Lu juii jJLl_24w ^—bjj j4_u4l J_S j4bljG 

.ij<LJjSiJ jLblSUj^fljb 

Uijj<u jLLb j^a_?ljS<U4J <^jij j jbjbjj juJj Ij-Lujjj jbj <U jG<L)l_S4jb-<LuG ijG 
(ySJjtjLu tjj^ gti ( Conoscopic study) IjlmUjI.^S jJLuJb- jijljSjb ^Lbjjj jJj4b 

. jljb jjj^ljSujj 
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liiL&jljL? jj-buLj jjL jb <U ^Sbjjj ^ijjjjijjj-2 
ÛJJ bjj)4dûj (jSlûiJD jAmAj 4S .jjjljjJ ^JjdiLSiw jjLûjj tfjAAj jl&ijljU^ j>a,uLj djLi- 
ju ûJjjSdJ ^Jjjj jujjj ^jjLu ^jjdiuiljj^idJ j ÛMJjjei Lu-Lu- ^Jjjj * IjLûjjJLuj <jJLS <U 
î»4j LLjaS <£ («ljjJ JibAj Ij . jjb i»jj u i7iiijJ^n jjbj jj .jjaIujj jjLjjjj jLuJ j ^SjjL 

: jj<U<Ujijujjj <UajL.< 

jîLj' ûûjJj<L- u j LSjjb- jb<u aS .ûIjjj jLib jIjsSjLkjAj-^SA xûbjjj < 15 )jjbj ^j^Iî 
L, j<bi JlSj^L- ^jjjjJj ^jjj <U ûlJjJ ^Sbfjj LLuLS . ûJ-jJjjJ jjjjI^j- ^jijbuuA*- <U ^jjAj 
ÛL ubû <U ’JJutjS jji jb j^AÛj^b- jb <UJ-jj uSLSbjjj ûLûLS. ûLSjj jAJjjAJ Llwljb J<U4 j 

jl^Lu- Jlju? 4 j ijSbj^j j jtSiJjAuAl jjjjlu fkSfLJ. JjljrJj<bJ<b- j L& MdjS jJA. JjJjuSwJJ 

. ÛljjJJ bluj-AJ^j J<b i<b«ljb <U 





jjj^b jbU ^jLwbb ^ ^jLuib ^yiLSuSLu-b ^jjJJ ^Aiwljb : 15 Jjbj &tjjû 

. Ijjl^L^-j^-<U jG ^SjjL- 

Au^j . wlujJ jjjljn^ jLSUSJJ. jj^jjjjj uSjjL- ^j^jjby i£jjj U AS^SlLj jjj jUA IJUbu Aj<U 

j<Lw<U jjjlmU j LLwlj (j-SoLa j<Lw<U jLS^JjJLA .ûl^-JJjJJ USjjjUjAJ JJ ûijJJJUSLSjj jJjjj 

.ijijJ&juu ûiSii Lj jjjj jAÛu jiS<U 
jAÛjJ jJUuw b Uib b ^jj ju ^SLijjj jtbJjj ^jiLu j4_wJU jLSjjljL^- a,?-<UjLi jjLj- ^AljSjjJ 
UU jjj ^SjujjUj j«aû jAj<U .ûLSjj jbu jb<b jLS<U»&jj Jj biwSu j<b . ^jLwbb j ^jLub 
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ij&Jjjfitii Ami ^jLwLjLjjjjLwLj (jS&m û UlSjjJjJj j4U4l CuUJJ uwjjJ AluljlJ 

.(16 JjLj ^j^lS) 



js5j4lu 4J' (jSLjjjj .(jUJjj ^jjLu jJlwJJ jlSj^Lj- (£4Î)j5jJJ : 16 JjLj ^J^lû 
. jLS<UjLwLL j ^jLwLj 45 uuj >j ÛJjSjj 

|j ( 17 ) JjL«j (£J£u 2 AJ JljJ , JjJ jJJJLuw LU-4JJJJ JJJJ jiJ ASjjyuU JJJ jAA IJJjJjAÛui jlj Ji 
Jij<Lj jLA. j<LSjJ jAJjjAl I .LL> 4Jjjj L(LJ JL jj^JJjJJ jLSjjJj^ 45 4J$J j4A. ÛJ$4SjJjJJ 
^jjJL^ j»bû JUjjJ. jj J uuujjjJ jJ lA j^ju ûuujjj j^LSjjLi- i£$A4U JLS JlSJlujjJlj Jujl^Lçj- 
^jjjj 4jjj ( Interfere) jajUSdJdj jjlpjj 45 jloSjjb 41 j^jjjjj jjjj4SLu 41 45 4545ujj 
jjL 5 j4u ^SuLSLt 18 jjluj i£J£lu .ûujj ûujjj (Interference Colour ) j^- /J%u 

. ÛUjj jLij 



4SjjL- jL54uLwLL j (jjLuiLj 45>uj ^jjj)$U4iuL : 17 JjL«j ^jjlS 
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.ajijA&jdû jL? 4j j jj j <lw 



aluao33Z I«ASAjAj ^jSjjj ^j^jj ûujji: 18 JjUj £a$lû 
. jUjnj (£$4i Ji&i.} ÛL&M.U ijjUji& I^J ^jJ Ji&il ^JUjLSJJ 


( A ) ^SjjI ^lu .ûjjSjjjLjj aji, ij^US<UAj <j5jjj jJ ûjjjI^jj j ( Retardation) Jjj4&Ijj 

. j^j&jLa ^Ux4 4J AÛûjiJ ^îiJ^l^jJ £4&iJ j uJJjUJ.J 

. ( lm)a=10" 6 mm ) jj<ulU 10" 6 = jj^SjU <,LL« 1 
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Ijj-S c ,j Ju UjjjJU ^SjJu ^JLSjJ (t) <û c u 4J ûjjjÊti jjjdSlji 

tj^Stj^ U iS id£dS,Mjj $$} $J dStJJtjU (JtjAjlSJ (JASJjSjU ^jjljjS (JjA Jjujh iS AûuljLi 

. j^JJjJJ 

-: JJ J-LÛtjJ tijJJlSiijS JjljljjS tS £4jJj»$j4j jij 

A = t(n 2 -nl) 

jjjjjj^uS <U Jl-luJjJ ri2 j. jjjSjULLLuJU JGjjLi- ^j^LwAj <U JuuJjJ (l) iS USujLS U 
.jIjSjjUj ^SjjAutiljLj ^j jjAjlSLS jjjw<*S U AxuJjJ m j j^uULû 

Phase difference £Lij 2 ^jjljU?- 

iJLLLjjj AJ juJLujljLj- f>Jj. Jj&to jLULjjj (jjljLu- t j^JJjJJ »}JS»$i? <U AS JiSAu ^$j 

: JjULUjj 


P= A/ A, 

A = t(n2-ni) IjSUIj> uyj Ujj 
p=t(n2-ni) / A, jû(j<£ 


<U JLS ifJJjj <û jjj ^Aj *( n) Jjj <U ^jjjj ^jljdj ^jjb-JjA^ U Luj jjJjJ jjj<(SljJ LLuLS 
j jj-w <LuLSjJ jLubsj <U <Ujf IJÛLjj'j <U jUljJLÛJ pVJj 4 jJJJ jLuSJU j^jJjjJ tjtjJSju 

.(19 JjL«j Jtjlu) ûUjj UjjG jjlu SjJJjjj 
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r>\ 

$ jLwSjJ <û ^j^çliSJjJj : 19 4jL*3 i£0$1û 
. AS<UIju <L) dJ AjjjJjI : R . IjJjJj^SLuijb AJI J4iû«ljLjAJ <ÛU4g.U 


(2n+l) A <ljLSjj jjjjSljj djjLS 4jIj. lujIujj <^b$$j jJjÛJjj<^* iJAiljb j»<û ^ll^lj <U 
l^V jU<Li <LJIJASjJ j jjLwSjJ I HşijdSjJû Ajjjj 4J jLS<U$J AU jj^u^SuJ L<ULS ,»<U <LS /2 

.( 20 Jjbj ) J&jJlu^SuJ ^$J tfjs rûlSii j»bû 4j 4JjJ. jj^JjJLuJ jb a ilA 
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> Inl 

Çg/yfH x 
2 A 

Ijjj A&mûît^ L) Al (A ) tJfJAHjjA ^j^glJ& d J A J t 20 JjLj 

.^\MJji>Jjjjj.jjjiR.(2n+l)X/2 Ajluj qLu&Aj 



t( Interference Colures) jj#LS<L<b^LS4Sjjjl-2 

iJj&jAiti AiJ^ £A"t iii IjU jUJJ D<LJ jj^J^ jL_) ^LS4&j^O mljU j L ljLS 

4J|JUSJjG JjL<U ASjjL- UJjJJJJ 5 UJJJJ LljjG J,SjjL- IjJU iJjijiSjjj j»j»jl$P 
^LSaSjjj j u,j»j LLjjj i^LLu^jljj LSjuVjJLAj, 4Sj$G ^SiiL^ j 4A.( Extinction ) 

. ÛJjjjJtJ j^lJ&JjAJ 

j jjuGjGjj ^j^SLjjj SjjJ? JdS^J GjjjAA < jSjjG JaSjJ jjjjjjJj ^jj 4j jj^iHjlS^^ j 
.ÛJjj&iJ JÛijlS Jjjjjjm jJ&Al j ASjjG JjSjJ (jÎJjJ ^AiwljL JjSjJ 
-t JjGwJj jLS^A j4jAJ jj^çlJlSJjJJ u&iij (jJj^SAJ Gl«JS 
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.( Birefringence) jlSjjAilSu ^iSJjSjU jl$iijjljb?--3 

^jmSjij ^ijijimj j4_U<4j tjjşŞJ.mU (jjJjimjj ^jLj imi ^jSLÛjJj (£<CLwljLj ^jjljjSjU 

.u...j j_j j^Lu<û tmSijij j fSLjte 4 ûLSa iUj jIjSjjLi ^SuLLI jJ jj .jjj^USiuiJ 
^yJjjjLuij jJAJ tfjJiOA imSijlS jiSij j»5f4j. ÛjjjjJii j$$?\iSij4j ^jij ^jLSjjjAj Lj I^Aj 

. ûlJJJ jLÎ.J jj$£ IASAjAJ u^jij jjiJ ^JjaAH IjAJ JJJ4A 


-: jLSj^Li- iJijiLuijSl} jj Jjij jlSjij ^JjlSLi ^LuAjLSAj 


^jjJLuuulj J.J (21 jjL«j Jijjmj) jLSijLf ^ijj^USijij ^uSjij ^ijLSlji <jiLuAjLS<LJ 
jjjjjijjiS jl^u ^jljLş- jb. ^jljjj ^jjAjJÛLSu jj iijjlSjiA jj tiijjjiJ j SjjSjjj jLSijlJ- 
=t(n 2 - jiSmjSjL AJ ijjSij ijJ j&jjiS&j . ijjSijjj&şr 4 JjAiLSu ^ASJjSjL jjjtSjjM j 

-iJjjjAJ ji. ujjiSii LuiiiAi luulj ^SjLa Ijjj jJjul^JjLSAj A ni) 


. pjl^S jj (n 2 -ni)= 0.009 
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112-ni blJûLS (22) «jL«j <U Jij SjjjluuAi 'JaJjJ jjjAJIji jlj-jû JJJiijJA.: 

. jLSdjl^L?- jJ- AjJÛijU- j4Jjjj jJ ûjPiijii Jjij dujijjS \jJJ ûli jJjJijjjJ 








u%jij j ( A) ^jjJ&lji JjSa2 ( t )iSjjj" Ljl^*j sJjijJdj : 22 jjbj 

. jjj^USJjJj 

tiA) (21) ijLtj Jijj-J. ûjjSj ûmujji jjj ^jJLSijU- luLS jj jjJ ijjJi jL4A <U ûjjjljja 
jijJjj-ulj uUjJjj ajjjJ JjU <U UjLSÎUa jJj iSi ûb a jLuJj jUijlU S&ijjj aijj*UUJ jJj 
. ûjjLiijujj Jjjj IjûLSjUjjjIjLu ijJjuijSûi ûuiS <U dljJjuJ j d&jZjjj jlSijU- 
550mji <U iJLidS( A ) jjj^Slji jjj aS jjjçldSJjAi JiUdjij . <jbj Ij4S<ujjL£Ua <U Siij 
djjjiSa LS (Violet) ^jdLujdîij a&ij (First order ) jLSdj <Lb s&i*-jS jid <Cu jUa 
1128 mji ^idJijijij ^SLJ 550mji tiûjtiij ^jtj &2 jiS&tj Sjji 4b j b<u <Uj ji^u 
mji ^j iJijijij a-Zj»j <U (Second order ) j»jji ^<Uj 'jS jiû djjjUa j[StJj»j 
Slji <b ( Third order ) ,»<u^<Lb i<u<u^S j\d tijjUa 1652 mji ^tiujidij 4 SLÛ 1128 

. j^JûjjSbLu- ULJ ^jbb AJ jLS<^jjj juj jjAtJjli? ^<Uj 
^LSJl^JJj j<LS<U ÛJjSu Jjjlj<U jUJjJ jJj ^Sjjj Jijj AJ IjJjJLulîSyU ^LSJU JuuJjJJ 

. <UJjL£L4 jij 

ÛUJ ûLu-jj ^bbJU ûLj jlj-S <uSjjb- a iii^US<b<U ^jjj ^j^Luub JLS ^jj<U ^LSjU 
jlu LSbb ^Jib ddjjud j_j) juJji jASAj - uu ab ^jLSoiib <U UiS<b <Ulj jLb ^jjSbjbJ 
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IjAj uûu jlSfajj <Uj <U ji&ij ûi&»i jLuilj ûAS«jLS j ûûjLt$jjLS<U ( 

. jjjûLSjj <y>ji IjAj ûûj jLSjjjAj 4b <U jAS<b jj- ûLSjj jjbj 
^jjjASljj jjj LSjL« yjub ^jLluJjLSjjaj 400 mji Ui<u jUj jjjjj ^jj jjb <U *. Jjjjb j» 
jjjJLSIjj jjjUÛjjS i»uS LftjjjAA 550 mji ^jujjJjjj <jSjjj ^juSjjj sjA jûIjjj 150 mji 

. 250 mji ^xu <jSjjj ^iÛjuSjjj <û!jjj jj jL«UAUj 

:( Extinction) <^u>G2-2 

^jjAJJUljji^jj ^jLSuû j jj jjlu jiSUJ jUuUJ jj^jjjjj jjUSjjIû- juSjJ Jj 4S jUSuuJ jjj jdj 

jjjJj jUlLwljb jjj jLA jjLSui jjjj {jjj% 4S ûljjb <ûj,Sjj aSmjj jja jJj IJdSALujjj jjjLw 
j>0<u ÛUjiJjJ jb Jjb j»<ij j ûiujjjJlJ uSj^Iû- jljJÛ ^SUjuSJjlû IjjjIj j»<U . lJÛLSjjlj4u«<b- 

jjb j»jjjb-jl^ 360° >j iJUSjjLw jjj4jujlj$$« J,JuSjU .( Extinction Position 
jjU juSjj US jruû jjUj dZudjjj .(23 jjLtj jJilw) ûljjb 90 ° j<b jGlj<U »jJll1)»j tjbjji 
LjjS JujG jjL« j»5f«U, jûjûjj ûUjG U-Sjjb jjaJ^ JlU j ûLS jjjAA jGGLwSJu jû-4uG 
jjlf^ USjjJj ^SLSaSjjj IJJjljb «<û jljijJU <LS jjjj SbjG jb jlj^ (jlSjjljL?) jLSûLS<u 

. jjASjJjJJ 





. iGGjjb <U yJujG jjb (jjGjjjj-: 23 Jjbj &»jmm 


:( Extinction Angle )<^ujGjAwjS 

j<LÛ crSûjLÛ jjlu IjSLubdjj. 0&jLJi£*u2jfj &&jLj JjLj jljiiAi ûijSj SjljL*? 1 <U*ujû 
jLS jjSjL j A j' jjjAû jjûuljb jjj Jj jjjj ujjG <Sjjb jjjJJ jjûuljb jjj UjLû aS jjjjb 
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^4i«ljU j ^jJtjljjuJ ^jSAJAûi wljU jl^jû 4>ijjdStt AS J4jA*v$£ jAJ AmlUjJ ^SjjÛ £AûjS ?>)îdJ. 

<U Jujj.JjJ t£t$\S <£4&jJ' ijJtjljjjJ iySAJ&ulj Ij JJ luuAjAa htjl!. iLÛLSjiU- £tSjJ JJ £jj$Jj 
ijjjfjj <j£t,JJjj Aj UmUAjJj Jujjjjjj j4,v<wljLj $JmS JjjStjimdM tjJmJ JJi ^ jjL_UU Ij Lj Jml JjjŞimi 

■ ■ ■ SL * AiJjlyi JSLLujS jl^jj £jjj jb jJjOAu £jjj jb ilj%>LjJ 
jCLwIjLj <U LLSo ; ûjjJjil^j<u Jjji^uw ?&j ûJjiljJtt Ljjij- (gSjjLj £J.ujS ^ijSAjljjj jj 
jjj jimi JLlSJU ^ALwIjIj <U uJjAJ (.... JLAt jJjÖAu £jij* AjjjL jj « UJJijj ) jLSLUjiilJ 
JSJjijS jL&Ai ASijLw jAuAJ IJJÛLS jtJ. ÛJjjtili jjJJji tjjLStLUjb- JjJilU ilj £Jjjjtpju 
«( ^SLÛiij j»jJjJu LLj 4j!i) tjtjtŞjjû ^Lu^jLSjjJj i jLuU. ûijSjjjUiJ jtjtXijjjj£ , ti 
ASjjLu jAudJ JmAjLjj jtj jLuSjj.ûujj LIjjG 4SjiU- ^UiSjjj iSû tjtjjjjJjjjMti tSjjiu 
tjU- jJmj ijSjjLjj £JmujS JlûLSjj juUAj jji jJj jljjj (ijliL^. ûjjSjj jUjj j tjdjjjjjjjii 

j JjUJj AS .ÛJjSj jluLj ûwJJ ^SJjG (ijU 4J jjJ- 0«i <j5jjû £JJujS £LaJJj jJjmJJ uJjJljJii. 

-i J.2 jÛJjJ jjJjljL) ^jj. jSijS UjlSjiLi- (iJiAûwU <U 
ûUjj 90° jU 0 (jSjjG s4ujS IjûLS jJJ s (Parallel extinction <^jj4j (^Sjjû &U- 1 

. (23 jjUj i£tjjjj) 

£&jj!jL) <U UlS<u <lS ûJjjj Ij :( Symmetric extinction< U<u jiiç ^jjû jjb-2 

AU J<U>iS ii J jLu i£jjjmli ^jjSAmJjjj jji £jA^SjAl 4 imI j GjjSj 4 iii J 4^- ^SLUiiJ £)jtL 
^JJtjjmuij LStjlS £t.Sjj J.S ♦ LLulS 4 -uSjjG Jjju- ^4u (23 Jjluj ^Jiûw) jLS4jjjU4u 

.ûii^SjJ ÛuJJ ûuljJjJ 4S4jjjU4u UAijSjji a jjjijSJjjluJj Jjjjûu 

\ (Oblique extinction ) jV t^SjjG &U-3 
ju ^SajUUU jlu ûû lJ 90° i 0 jLû<U ^SjjG £lujS 4S ûujJ ûwijJ LLULS jjU j»4j 
Sjjj jlu ^ji-lj ^SiUjjj J4S<U ^jV (jSjjU jLS jjSj4u4» £tjtJ ^<L*yljU 4t JXjŞJJ 4S LL uLS 
.(23 JjUj £tjju ) ûijJuJti l4jlS4Uj^lu i jj^lS4J <LJjj 4) jUUj.« ÛLSj ûujji jJjU4w 

s ( Twinning ) 3-2 

ûluj jlu j24u iiJ 4) iSU4J «ji^SUjJJ IJjLSLw Sjjjli JJAJ £ijlûAJ LÛAJ jlSijlS Aj jjj 
(ijU4J <U44 £j!jLug UuUJji jUj <U 4UliU- j»4û SjjjJj « jjjU ÛLujji tjASuJ 4S ÛJJSjJ 
lLLu4jljJ Sjjj jAuuAl jS4j!jiS ^4J 4S« 4 Sj^U ^jiiLj ^JjjUjJj AJ SjljÛJ^ £jlAJ IJLtSjjG 
ijSjtj SjiU ŞASAJûAJ ijAuSjjLj SjLmJ AjUm fr ti AStjjjJj (jSLluA j jLluJH 4S .ÛJjSj4uSu44 
î»4S4j (jUÛAJ ) tjAjjJti Glj4 au 4 SjjU JiUljLLUjiiu 4SjjLw 4S « ûlJJJ jLuû jjj? !4S4j4j 
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f><U UJLSiJjj^b <U 4JJ$lw f«U .( ûJjJ UJjLj jJ ^4S<û<U j ûû«J dbjjj 

-: IjjjjjI$£ 

*.( Simple Twinning )jLSL« 

j ujjn Ujjlû jLSiwU. lJ4Sd$Li- ^jijj jjSjjL <U tji Û4j jjj u ûJj: lujj? 

jj tûjjAJ . tjAjuJti JljAftuJ 4-Sjjb 4SjjLu ^AjJiljjjuiiAJ. dLjjjj jbjJ ^ASJluU 

. (24 Jjbj ijtjMi) jtulZjMjjî JjL? Jltj jjiStijtiiJijjJdi jAi 4S ^JjljLj' 

♦.( Lamellar Twinning ) ;$<bjb <bjb uJJjljjj-2 
mjLA yJjJJ j4^bjjj j L SoSAJ 4U jj^SjJjJJ jj4j<U wUj4J ^UA^jLJ Jjdgljjj^ jkAJ 
J^JÛuJJJ 4jlj4AjJ 4Sjjb iJASjjLu (jjJdljjjM jb ^iljjS ^JLSU . ji>J jjj 4JJ_jlw j»4J j4SjjLÛ 
.(24 Jjbj ijtjls) jjj^jjj 4 jj4jIjjj tjjfi- jAt jMjAj jjj jtddSjjp- Vj ^iLSjjLj-. 

uCross hatching Twinning ) jljjaSoj^jjljjj-S 
jtjmjjj jbjLS<u 90° i£JJZj% <u jbA^jb U JltojZ jj j jjbJ Ij ij^Sj^b U Ujj Ijjjjj' 

.ûjjJLuti ^wbu iJLJ^SjjSjb ^jLj- U Jjj 4 j^jjSuwjjJ jSjjluAp Jtjjû 




frl) 


i iJjLStjlSJJ jLSiaJJjljji tjjjii : 24 Jjbj iStjjm 
Sjj* ^AiljjJ) jullSjwjjj £jLj- : b .ÛJLSjj ^jlb- : a 


.( ûjLUû ^jj^ ^jJjljjJ ) jbklSjoJ-^j ^jL?-: c .( jUUjLS 


. ^jlb- : d 
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:( Zoning ) ^<LuLÛ -4-2 

ûjUipj: j (jjAihijjjb, jûdSjuj-iû jjLSdjli- Ujj IJÛLSjib-U LUJJ<U <U jjQddj ,»J 
jLj LLÖSjb ^jjti <LS JjjLuIÖbJ Ja.,> (piöJ«<U AJljLi- j»<LJ jjLS«jj>b *ûjjjAJ«JjdJ 
,»<Ujb- j Ajjjj . djljLc- AjLjuJj jb JLw4j j»J ^SJjLÛ ^jb j* jj4S«JjdJ Jjb jLSjJ 4 J 44 
^j-ft <U JLS 4 jI iSujjcbj tJtyLu <U jbjjLuuS ii<ûL$Su 4S *ûJj4SjJj«J bJljii- j <U «jb 
4U ^SMj oii-4 4 j ûJb L?4J jLSjjU- U LLS<U j 44 Jljli- j»J ^ljöi- ^Û^UjL 
<LS t ûlUJ jLttLj jjdSj-J-^J iijb- ^Sjjj^Aj 4 25 Jjbj ijtjlu jj . jjjj jjj IJÛJ- j£ 
dJJÛJU . juuJÛ<Û £$Lb <U JlluJjJ Jjtjii j ûubjub ^b- <U JuuJjJ ^jSJlUIjjjÛ 
a S<UbU <U iûJuJ ûuujjJ jJ (jSjjb- jj ÛÛjLj- yjljjS iijAJU JUJLuÛuJ f»Aj 4J<Û!j<U jJ Jjb- 
JU jj-1 Luujji tfjiS <u LujJjJjjjjJ j ûujj lULljj^b <U ( jSjlujjjUj ) jSAuSjjJu jjb- jj 

. 4S<LUJj4û Jjb- jjjJÛLj^îAA ^bb 4J 



jLuuJ yjAjjUu ^JJjluJ ^jjJjAJ^S i£i>-*’ (SOi^ w&Jii^ J 25 JjUj ^jjû 

. ( Pichler et al., 1997 )JLLuJj4j jjU- jjjjjjjU j ûjbjub ^b- lULIjJibU .ûIjjj 

:(Sign ofElongation ) ^jjjj^Lju-5-2 

Jbjb tjlu tjjjh dtji Ajjjj ijbJ jluiLSV $ 4JJU jbUjSjjjJ ^Jjjju 4S ^ûlj^L j&t 
Ijui- ^SLLû jlu jlu- ^Suû ^jjU ^<LLIjb ûijjljjjJ, jLS<Lu<UjjjJ tjlu jb jLS<Lu<Lb-<û 
. ÛJjJjJ f<bû <Û IJÛUJji |j4SU JU^U ^jLS<ûû.: <U UlS<U a J<Ujb4J JjlS f»Aj . ÛJjSujbJ 
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j i£jLjj LSjU jLj föMjjg- ^Ll b 4?jL jAjuAJ Ijjlp 0 SL.ö _j jL- ^SsmmJ y£jjJJ ^aIwIjL 
<U Jjlu- J4J 4 j^j jJjAJ jb- ^ŞjgJ ^jjAJ ^JlLIjL <b ASi jj>b ^jJjJ LiuLS . jjljjlj 
j4J 4 i$J uJjAJ IjjJ ^SuoJ ^AIwIjL JJ ASj^U- ^jjjj ^LÛuljU iSLLlSjJ .uJjuLjJi + ) i£jJjJ 

.uJjuLjj (-) tfjjjj ^±1 Ai JbajjjLi 
(- )j ( +) ju Ijû^-tSjLjJ i jLj-^jJjj 4 ûJjjujaa Jjjj ^jj? Aa ûjjjijjaa AaLÛA jjj ^ 4j 

.dJU (JljJ AJdJj 

350 mji 4 ASJj Ab Jjjaj Ji^IjSajAj ^jaj iS Ciiaaa jiA/jjjji^S <^jjli-26 jjbj (Jjjiw 

( Z ) i£4luljL JJ( Z )tfajajdJ j<L«!jL AS LIxj-jJjAj 4 4 "'JjT <LLj (SJjJjjjj 4i7m+ jûL 

. ûuj ujj<L Ij4Sjjjj1j jL 4i 



. ûl jjj jLLu ( + );£4SJjjjjJ jS jjjljS (jSjjjJj : 26 JjLj i£ajjjh 

?AJ 350+530=880 mji ASjjU’.jjJUujjjjjAj jjj ^jjjj jj iS&aaj ûujj ijjjL ,»41 

jSj^U- ) ii<LuljL JjSjJ Jjjjs? JSJj^uimj? ^Ş Ldj (Si^ ^jSuû JS AjIj jjLb IjjjL 

Z )jli- oSJjj (.JAIwIjL JhSj^ 4 Sjjjjj jL( +) jL jiS— ^jjjj Aj JSajiS IjjjL JjijJS. 

. JjJSajjh yijjjj i^JlwljL 4 j ( 


Aj 150 mji j>jSJ<u <Uj ^ijj^ijSJjAi igJjaj <lS 4Jj£jjjj <^jjjjJj-/ jLuJlj 
ajajjjj Ajijj- jj ( SE) (jSjjIu^ 41 (A =530 m(i) ^jmnr JLm jljûlb NW-SE ^<LLljL 
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jji 4Jj ^ijJi ju IjjJ ^SijlS ^jjj^USJjJj Jtjtj b«jb ?&2 (Jljjjj Jljj jj AjIj ) 

.680 mji 

-*. ^ljSOb 

. 4$4jLSj jjju 4jb jAj AmoSj J<u<Uj^ -1 

* i ~ jb+ 4 aSj «ji>b ^jjjj ^Ujl^ ^iLibi uujj-2 

J±J> <Lj dJpLS 4 ( A =310 mjl )<LS<UAU tfijtj Jijj^lJiJjJj J.ttj JjjrU / jLuAlj 

<u <uS«jb- <4£4 jIj5j21j ^^S^Lujjjj ^jjijjbj jj ( A =530 mji) j^ujuuu? JmJj 

^4jwljb 4J jSAS^jjmJJ^ ^jU J , Ijjlj ûV4Ajjj £>_$>2b — Ijbjj^ (ijJjiSb t£<L*yljb 
■jji JJj JjAm <U jj^USUJj ^idj 4 ^Sbjjj j»4Jj<U AJlji- uV<ujjj 

-: ^ljSl^li 

. tji. jLSj jjjj 4jb jJj JmuŞj JlJJijjj -1 

* oZM 3 ~ jb+ 4 JSj tjjjJj jJj ^jjjj jUu ^jLuoj uuuti-2 
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(The Indicatrix ) o^iJD 


( 3D) Si55* ij-w ^ûju ûUjjlp«J 4 jLSjjj^û ^uj^IjÛu ^jûajj <U jwuiJ4Su >uIj ]j 

tjJJujSLûjjj S*jJ 4-J AÛjjU- (jiLSjjlifljj j ûjjALSj Ajjj »jij\Su SiS,ljSjiA ^jLiUjLS^jJj 
<lua5>La jLj ( Sphere lyjj-S 4i}bjjj ,»<û ^j^iu . jijubjj ajLttyjdSjjjj <U 4i5bjj« j»<û. 
ûmuti jiSiûAÎlSmu j4Ûw û jU 4 u 4jl^b4u- Jj4ûijjj |»4b (£$jj 4Û ijSuIS jJ ( Ellipsoid) 
<^S4ubb4u< Cujij u-wjjj 4b5bjjj ,»<û j_g$û ^ilSjjp- ûui jjAûufrii.? ûÛjljûS ujji jJÛLuû 
j jLS<ÛLuSAJ>AuLj JjJJ_Û ) jjj_SjJ ji4ulj ijAuAJ ]ju Aj jLSjjjjjj JjJUJjljûU (ijjj Ji jJ 
jAU ju JluI^aS ( jLSjjjjJÛ j^JjjljLu- jp- 4uû jj^Jj jLSjjjjû J<u jjl^Lpp 4uû jj^jû 

ÛUJU Û4UÛ (iJjluAj- Jj45ujjj ÛUJJ JÛLwJÛ j»<u UiiSU 
(iJ^iw jLJJAJ AS 4JJ$iû jJjJjLSU JjL<p jjASujjj ($J$ifi jLSuLuSu p-4UÛ Jjjjjj <_jJ jjS jJ 
jSJbJiSaU ^jjJu jA jJ j .ÛÛIjLJu- jj4Sijjj Jjjp |»4J (^Jl j iiTiAS ^ujj ^iiLSjjjjjj) 4u$S 
jj^ûy) 4_S4jjS ÛUJ (^Jjiiw Jjjj 4 LÛLSÛuljLj ûuS 4J ûjjjSlû ^4SiS4J LÛ4J JjÛLSÛ 

yU .AjtjtjAalu jb JjJ^JJ JJJ ^SjujSûA Jjb<ÛfJj4Sijjj ^J^iu IJjJ ^ilSjj^û 4) ( 27jjbj 
4_ûj jLûLSjj4iLS_w ^LSUjSjU Ju jb4Û4uj.JjJ (£J£u2 4Û »( X,Y,Z ^ S4S-L4 S^jjAÛJ 
( jlSj$b4pjj45j$$j ) Jj4jl^lu |»<LÛ JA,Sjj <U . J<U (^ljj <U Û4f na ,np. lly ) ÛJjuSjJ 
jb4J Û4J4SjiJ j4U. Jj4ûijSûjjj jub IJ4Sjj^Û jb 4) ^Sbfjj (5jbjû ^jbflJj ÛJjjlpJJ 
(£jj_û . 4_u4Siii jlu yjj-S (£j$i2 .uU jj^iw a Sbjjj (jSLûb (£4iuljb j<U4J J$b4£Jj45ûjjj 
4S (£45uLb ^4b . ( na ,np, ny ijpLSjJ^jLSu (,£4&JjSjU 4J jûLjjJ 4S4S L 4 ^jjÛJjJj4i(^jJjJ 
J ( ny ) 4u44 ($Jj4jlS» i(7i jj4SJaS^U jJjJJjj4S 4SjjjjJ JjJj4u <U 4Uj4J (£4Sjj4J ^4iuljb 
na )4J4^Jj<ûLSÛ (£4SJ^SjL& jJIjLSjpU 4S4JjjS JjJj4J 4J 4Uj4J ^4SJj4J ^4iuljb 4S ^JjU 

. ( 4JljU- ^SÛaJ jlujjj jlj- ^SÛb jLys4S<U) «( 
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tj uAJjj ^jLS i£6jL»A£t)4Sdjjj : 27 djUj ijtjjui 
. ûliti jLttUJ (jLS<ûL*S<U$j-<LjLj 
. tjdjlSiu ijdSJjSjlA t n 


jLSjjJj<U J<U tjjjit JtjbH&tjdSjjjj 

( The Indicatrices of Uniaxial Crystals) 

*^Lw<iw j %.m 0 iLS<ujjj jj ai=a2=a3^c A3 <uûjjj tjijjjjj jtj < Symmetry( ^jIjjLa 
îiy =np) j ( + )tjjjiJ jt (na = np ) jLSjjJûllw iS&jSj U jjjjjJA . Vlj$£ a ûjj jj a=b^c 

. (-)jjiibij( 

)jl5jjjjAu ^jjjj Ştj ^ i StjAJ JaSjJ , Aj uJtjtjJj jji (jJJSJu^ jSdJtjjûi j^LAj" tjtSjjjj 
StjlSjt jtj -(28 jjUj stjjşi) iStjjtşijjjj tjtjjj jj tjjjjjj tjjjjj'istjtjdîj j «( n £ , nco 

AU <lS ^SLÛ^j fj&ii i H. <LJJ,jjlj Jtjxj , uJjjjJti JJtjtjdJ ,»<U j<U<U ^jjjjlj ^Attjlûi 4J AS 
UÛU-S<U$j-<LjLj ^SjJÛJjLj <L aS <U!j J^<Û Jjj .uIjjjJ ^ttjljjjj ^JjJ^AJ <U uJj<Û ^JilwljLj 
jLSJuUjJjJU dJU tjjjjj <U AUJJ jAU*<U<U jbjjljiu StjtjdJ d<u JÛIjj^U j><Û . ûkuJjJLÛJ 

. jûj-jjj jlû ( Optically uniaxial) 
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J t 
•J Iji* 



j C j*j»j*z 
*j { j*h j>j*j*z 



',j[£»j»$& U4 j jjj^b i£4jU4£4jA5jjjj s 28 «jUj J»jlu 

.(-)♦. b j ( + >: a 


jL j 4-4 JaJ jLj jjj »jmJ»» 4-tjiJJ^IjjU jd_wdJ 4Û 

<ÛLu_S<U ^jjjj lu)jJ»» 4—U4S L A »j)ji iiTi 4Û a iLS4ÛttljU 4L ÛL S4J 4_S j»»»» jl liij 1 lj AmL* 4A 
ÛJj_«UiJ ( ns) 4J 4S ^jLwUL ^ŞyitJ (£»j4jl£u <U JlluJjJ (jjSAjUjJjJ ij»£û. 

jLiu Ij j ( 4J4A (jJjAjUu (j45UjSjU jU44 ^jLuiU (jSJljû *jjJj4S ^SUjjj ^4ÛuiljL AjiJUjS 
^jLwUU ijSuLjû 4u jLj (£4S45ÛLU . ûojjû jJuûj lûLuû jj4?-uUjLj ^SjûûjjU <u aS ûIjj: 
ujûjşÊ <jU 4 j ujjjSjj (j^SjjAjUu (jj^JjSjU uj'jj 4S (n s ) (jjjUUu j4SJ$S^Lû 4S ûjjuUjj 
»jLJ (j4i iii IjU j (jJjljju (jJjJjJJ j4uu4J jjjJu ^S4 j4^jJ 4J • jjJj4S ^SUjjj jjSuûjû (j4ûuljU 
ns= ) IJ 4 J 4 J jjû jjjûij$ 4 S 4 ) ûujj (jijjj ( n s )lj4j ( X )jU ( Z )($jjj$4j 4j ûuj ujj4j 
4U ûuJJJ uJj4Û 4 iLm 4A( ns )Jj4Ûljjjb Jjju- j»4Û (jjjjjû 4J 4ulj4S .<ns = na) jU ( ny 
lj4UJjJj4J j4J j4u<4) jjj) 1 111 (jS4 j4JjU jU 4J 4ûu44( llco) j ((jJjljûçJ (jJjJj4J )C (£JjJj4J 
( E-ray) ^jLwUU ^SÛLU 4J û-ujjijU-f O-ray) ^jLuU ^SLÎuj LLuLS 4jlj4S . ûujj 
4j ÛUJJ jJJjj^S 4uu44 ( A) jJj4SljJ jlU4j 4jlj ns - nco > 0 ( 4JjJ j4& ( ns > llo) >ûM 

jjjljS : 4j^û jj . ÛUJJ ( + )j jûu 

^ .(28 jjL«j i^jjui ) +0.0091 = jiuijjj |»4 j (SjIjL? nco = 1.5442^ns = 1.5533 

nco > ns )ju (jSuUU 4 j« ^jLUU ^SLLj ^jjjj 4 j ûujj jU- ^UU ^SûLj 4S UûûSojLS 
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LUJii (~)j jûu 4l LUJ»i jL<U Ajlj ( n,-; - llo <0 ) Ijdjb j»4l IjAJ( 

- jLû!$ii (^jljLu*-4 û(j4S nm = 1.6584, n& = 1 .4865 CuLLLS ^jlS : »J)jj*j j-s . 

. (28 Jjbj i£»jjji ) 0.1719= 


jLSjj tj&jji ejjjJj iJijUte ijdfjjjj 

(The Indicatrices of Biaxial Crystals) 

( X,Y,Z IjÛUl^JÛ AS ijijijij (jj4^ÛA ijijjJdl &2 Jjb4£ ijiSjjjj lj4jljj>Û ijjl^ pdj 
AJjljL? £>b jji .ûJ<u i^Ijj 41 UJaj ( n« ,np. ny ) jLûLSj^<ÛLSû j4SlaS«h j4& JiSil 
j4i4l ijASijjh jL) jCuçjj z <u ujj<b ^juj^LAj <jjSbjj ^Suoj ûiluLS jijj<û : ûujSjj jJ 
4Û AJjJ 4_w jjiji^ IJLa 4 S4J ^jb Jû . ijitSijjjh «LÛ Liu.' JJ X 4J uJjiSi L b uL 4S £»jAj 
( npjlla ) jLÛLS^<ÛLS_2 (£4iUjS$b j4S<U ûaJJJ ( y ) <U Ujj4u j( x) 4J uJj<b jLûLSjj<U 
<uSJ <S <L J^Û4l jJJJ ( Y,Z ) <u ujjAj jLSjjJU j4Djb IjLj^jj ,jjb jJ . UJ<u ^ljj JJ L14 j 
jJÛLUjV jjjjun (JjJ 42 Ij4SjjL JJJj44 4J j»S»J . ( 29 Jjbj S»jjŞ2 ) ( llyjlip ) jLûLSj^4iLSû 
na ) lj4Û .( Z )<U uJj<U j»JjjJ ^ib-AJ j( X )A» uJjAJ j»4S4J ^b <U. 4 ÛLSjJ □ JjS^Jbj 
4U j IJdSjjlu ^Jjj44 <U . ILLJJJJ (jjb<U ûuUJJ JiSjjM ( ny )j (LL4S4J (5jb<U ûaJJJ jJijjiS ( 
j*<U. LÛU ^OjjU dJû( ,np = n 7 j<>,S<U n« = np) LûjLS ^Sbjjj ^jjjiS 41 u4uLi ^4Lljb 
jjjui Ijj$b4_jjj45û$jj jb4l juûLS4Su.b jijhj j ûtlJbjjj j ûajh &)\jji (£jj4jliu lJ4jljb 
hSjJ jj» j4û j4_u4l jJjjJLui <US j<Û!jJ^4J j4j IJJjJj4J (^Jjb4ç »j^Sjjjj jb4l . 4uJ4Jjb 
4ûljj)>û j»4Û 4ujj j4_a * jûjjjjjLJ (Optic axes) ^jjj/jmj (JjjjjmLj jj» 4u 4uj4ijb 
ijjij ijLu (jijijimj jjijj^ . ( Optically biaxial ) jlS4ujjjjj4u jj» »jjjJj 4j ujjjjjjb 
Optical ) tjJJjJJiÛijjj-AJJJj <U j( X Z )4l 4uÛJjJ 4S djûSiJjjj jb LJ<Û4 SjJ jb <ûj4Sjj 

. (29 Jjbj ^j^iu ) ûûjjjj^b ( axial plane 
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Jjjjb ^JjU4£Jj45jjjj ^jjjjjb ^I^AJjjj jljjj dJiJAljJ : 29 JjUj ^Jjiw 

.uUjJ jLlu jLSjjjjJjjjJ 

j<u«U 4uuu<u <lS (Optic normal ) jjIjJLu ^jjIm i UuJjjj ( Y ^jjjjûû 
A xial (şjjjjjsLjSjfi <j A^jjjjAj jjj jL^ jlj) p jdJLşÊ . 4jjj i m ^jjjjJÛ ^^<Jjjj 
<LwjS ^jLûûa) <u ûLSjj û<U jLûljij 4S ^jjASÛAJ j4j. ûjjjjjjU angle (2V) 

jAÛ « j<LSjJ û<U jLSjjjjJLÛ jij_û ^LSAujS ( Z ,X ^LSjjjjJû . ûûjjjjjlj (Bisector ) 
j ( Acute Bisectrix ) jLy dJjIjjdJudJujjjjii ûLSjj û<U aSjjjj <LwjS ^jjaSûa; 

) ûûjijjj jLÛ ( Obtuse Bisectrix ) jjljJdJjfjjjdJudJJ ûLSjj ûjl! aSjjIj^ <LwjS 

. (29 jjUjtfjjij 

JjJÛJjSjJ jjjAj jjiJ- jjJ JjJjLw ^Jjb jjJ i»4J ^jjjSjU'jj <L 
« JjljS ^LûjS (jîj4SÛ4J Jj <UuJjJ( X )j jnÛLwjS (jjAÛJ4J Jj LluJjJ ( Z ^JjJjjJ ÛLuLS- 1 
2Va )j JjLSjjrtJ 90° 4J 2V y )^4_wjS. jjj._wbjJ ( + ) JLJ ûbljjjb j<LJ IjLÛ 

. ( 29 JjUj t£ijJb ). Jjûjjj^S 90° iU LûLu4A( 
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JJtiiijS £jASjAI Ai ( Z )J j-W Jj 4xuJjJ ( X )\£tjb$4*) «J l uLS~- 

. JjJJj^aS 90° Ai ( 2 Vy ), J jîSjjJU 90° 4J ( 2Vcx . jjjwljjj ( - ) 4J AjljjjJj jAJ, 

. (29 jjUj ) 

( Neutral )<lSjU ^j <lj 3 <U, 90° <u wUjjj jU-Su ASJLwjl jjjjAa IJSjjLS <U 
Solid ) jjj jjjUJlj tfijlJt <U IJÛLSJUJ jjrujsjj jjL3- jLJ tU Ajljjjbijj? fkA, j , jjj-uljjj 
33 Lb- JU 334 J ]w. wwjjj (+) 3 jû 34 SjjHi }(-)&£ jjrtwjj ^SjjJuw aS. jjjj ( Solution 
jjlj ^jJjjjju ^jjjjj jJ ^JLwjS t 5 j.j Ijjjljb ,»<U. j( - ) Cu^bli 3 ( + ) ÛJIjUjii JS, jûJ^j 

. JSjjU- £$LmuS çyjjl^SuJ AJ 


( ai=a2^c )<LS JUxb ^jii-b 3 jjJ3<lj ^ (Vesuvianite) LubbljH^ 33^- ' j^b 
t&j LjL . ^jLwb u&ujj U Jjjljjj- ^jLwbb j IJj^lb- . jjjiûw jîS 4 J jAwAJ jbjijAA 
3 Jm jsi 1 ÎJ ^JiU^JjJlSjiiJ jLwU $ Jiilj 4 J LUJJJ jjjJ jj$A) ^jLSLJjj ,»LS j<Lw<U J^b- 
. JSj jLwuj ûiwJJ ^JSijJijljjjj 3LÛ& UjjjJb 3 j^xLjj^Ijwuj «$ 33 j <U JStjjjb £jjs; JSj 3jbJ 


J3UISLS ^jb4SU3S3U wujljj jASu , J1 jduuj 33^ 3 JiU 4 ^- JjdSjjjj / jLL jJ lj 

(n® =1.529 , ne =1.526 )UjCujj 

■ jSj 3jbJ aSj^U- 3j 3U^ jj dSjjjj 3L4U jLwb 
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!i$l j&jAmaAp jjj 4J jl£j$L? ^lidjUadj ^jljdLu 

** V ** V *** 


:(^S^ulU 

^JiljSj-S ^SLÛijj jJj JJ iUJJjLS 4u jLSjilû- J^A-uî^SJ jj jLSdjJAS ^iuJjj LQjLS 
jûjJu ûjjiSj Lunti 4j j»bû Aj jjjûwb jj^Jj jj . ujjSjjjLtb iiJji<L jjj öu»j bjlyiSj4u«4*- 
jjiixw j»<L ^jj^ûJjSoJ , (Interference Figure ) Jjj?US tUiU jtjluj >Lui <U <uujjj <$£ 
Jjljli-Jjj^ j»AJ ) jbûU-Su jp- <Lulû Jjb- a j<Lulu 4J * 4SujS jjj jLSjiL?- ^JjÛJjiSLu- jj 
j^L-j- LujjlpjJ UjjjJL^. jlSjjliLu-jj-4-jJlu »jLS AJ ( JL-uj jLûj>p U—S4J4J JtjJJû 
( + )i$jjI>lu yjLuA ^jjjS ^jb: ^ljjjAu * jjjLjiuLu- jlS4>ujji4J jjt dJ JÛLtlSAutjtjAASA) 
-: jJ4Sj jb-jj 4jtf li- j»4j <L-uuw. 4jli<LLjjSlt Jjjp j»<L jj juJjj ^jjjSjJbb jj . (- )jb 

^Sbjij jjjJJ aS jtjdj JJtj tulj 4 ulu luuSb$ij j»jj j4j 4J (Annlyzer) jjjj4Suû 4tuUjjj — 1 

.uJjSsJjLS jSjJujJj- ijjj44 jjjLuAjLSAJJJ i bjlI j^Sj4uJ<L- 
. IjLLuJji 4) ( +) ^lwljJib JlUjaj 4Sjib- j^Sjj 4 Lu£U-2 

.( 40x) jb( 25x )ûûj„u^jjlS4Jûljjjj c jjjSjji4S t 5bliJ ^Syju^^-UiU-S 

£$ij 4Û HjjaJ-4U ( ^SLÛiij |»JJj4U 4uJj*J ) uJjjl^JjLS4-J JiJjJlSjS jJA-UalU -4 

4J ^Sbiij ijijtjjj 4 tjJjktJ^J ûLjj j^j IJ4Sjilu- (£4SjJ J 4 S 4 J 4J4ûiLb j»4J ^tjtjAu 

. (30 Jjbj ^Jilw) ^SjjIû- j4w 4 jUeu i Ji4jLSjjS ^jlj^j 
I4S4 j4j jjiu 4S uLSjj Ij <U4UjlU j»4j« ^Sbjjj j»jjj4j JlUj^j Jjljjju j4ujlu 4Luil|-5 
jiiUf U-S4J4J Jt^L-j Ju4J4Ujb j»4j IjJ 4J ÛJjjliJJJ. jlÛ4UjLr 4UjlU jj tjAÎJjjjjSj 

■ yjjl^ c54UilU ^jjjiJV 4J jijj4j tÛJi^SÛJ ûuuJJ 
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ijûjALjjSul (PLS <U tjAiljS (£Jjjlj4J : 30 JjUj ^j$iw 
. ( B ) iJLu^&w^jjS 3 ( A ) ^yjjSujMjjj 

: jjjfiljSJJJJ Jtj;LU ^jlSijjfi 
( ^LwAw 3 V jIjj^ 3 ^llu u jL£<UJjj) jLSjjjjjjJj d4J JjLi’ (jjjjfildSdJAJ Jtjjû tS JtjdJ jAjAJ 
3 ^4ûjj4J ^jUUJjj AtjAui Sjjj ^) jU4»jJJjJ3<J 33 J JjL^ (jJjjfildiS d J A J S^jjû j4St 4J jljLc^ 
jiU Uj3jJ_& 3 jL^Jjj^b ^jJJjSLu- ju CuJjLSju ûljlû j><û AJjJjAA .( ^j%u« 3 ^jilSJj 

:( Unixial Interference Figure) jjjjaj Jaj ^jjHllSjjAj jtjlui / ^jSjj 

i4_SjJ ^JjjJ ^IÛIjLj jtjlui jJuJj JJÛJ.J jUJLjJJjJjAJ d4J Jjlû jjjjjjH j£jJ4J i£J£jlm 

.(31 jjUj Jtjxii jdStjifi 


•jLhsîc# *->*->*■* 


I 

I 


I 



<**->• 3*± 





*j'j" 


. IJjLSjjjjJj J<U tjjjij 4.2 jlStjifi ^aSjJ (jJJjJ jJluljLj : 31 JjUj StjjJ 
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: ij&jjSjLg' jLSdjJ<ÛS<U iji* ^jijjsUSiJiJ Jijuu <U JjJjlj^- (J4iljjJ- j»4J ûjjjljJJJ 


: (Centered Optic axis Figures)34£jL^jj£l4S4j4JipjiM-A 
ijJjJj<Lj JdJdJ AJjjXtfiijljJuJ JijijAJ 4 IJÛLSijijAJ dJj ijlS 4) , IjSLuU IJLujJ 4) dij 
ijijûu uJjJjJii AJijijJJ J<Û j4-w4î jjj2uiJJ ^SûtjLu <U 4 i ^JÛLSjJ j4j . Ij C a JjJjiJ 
ij4jjb 4J JjjjL^SLo ( 32 JjL«j {Jijjui ) JJijjJû ,»<Lj . j<LSjJ lumjjJ 3^? ^LA ^jjpljSdJdJ 
4_j 4— S Jijj ^L-j jjj j <ujj_wLjj (Isochrome) /tJjSjLu-uLJ A-j 4_S lLJjj jLJjjj 
<lS jj4Lj-wbjj jj4j dJijlu j»4j . jjjj dij-L?- ^ijluJj 4 S < jjjjjj^h (Isogyre )jjt?juJtJ 
( + ) 4ajlj UjjLç j4-U«b jLj <U jJ jiS4J JJJj 44 ^iuuIjJ^b J4^4J JjjjS^ <J4S<LuuljJjb 

uj-J%ji 4-J 4-S 4_UJjljju <jJjJj4hj ujjjJ-Sjii ijJj-u dSijjLşjuUL) jjijUi ijuuljijlj 

.ûjjuLm (Melatope) 



j4w4J 4S tjijJj U4J (jSjjjjLi (jjjjpldSdJAt Jtjlû : 32 Jjbj Jijjû 

. Jjjjlu ^jJtjljjjJ JijijJJ 


:(Off-Centered Optic Axis Figure) 34£jb b c jjj£ I4S4 j4j ^jjiu-B 

j<Uu<U jlj-j 1 ^4Lwljb <U) 4j> <uJj4-SjJ Luuii tj AdtjlS ^yJjJ ^jLsb 4J 4J 4iljLw Jjj^ j»4J 
4_S < JjIjLj^ Ijjj4J j4j^jIA tg jjj-g'l4S4J4J ijtjjJÛi J4^4J 4JJjj iTi j»4J. uuu JjljLu [jtjtjJj 
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jAÛ AJdjljÛ «( + ) ASijJ j\SAJ Alj& jjij^ ^UuljtjLj JdSdl AjU Ujjf jJiSijduSjijU 

■ û&!Î 6 jAjJ3j i£6j6jtJ JjSjaSj ûIujj jb ujj ijl ' lllu £jAjjjj jU AJ JJtjlu 
£jjjJj ) iSiluijj £tjij£i ji£i.J ûbb ûjj? Ij4j ijijlû iûjiS ASjjJb-j^jb jji JÛte ji£AJ 
JjLjj £tJjJj ) A£ijAJjjj £tjtjtJ JmJjiS t£Ûşj^ IJÛ J.JJJ £tjjJj jAÊij J^iAJ .(33 Jjbj 

JÛb jAÛ IjAj bASjjLw £ijAjJûljjjji j<&A3 ,ûj jtSiijti ASijjLrjjtiU (jSoib LûjG Ij4j (34 

AitjjJH jAJ IjjAA j ASijAJjjj jlû AÛJi £jAuiAl jjjûuAJ ^b J uljjJJ 



ûLjjLS . jLSjjJ$Lbj dJL -J tjJJ—Lj ifjjj—plJÛAJAJ £tjû-u : 33 JjLuij £tjj—u 
Ami jj Lw £tjAÛJj'Xj£ ^JCLwljb . IJJjlj—Lu £tjtjAÛ jtÛAi ÛÛAÛ ûjj^ 4SjjJb-j)*kUbf$J 

. ji»jjLS tJjA £AjljAşû 



&ÛA-J’ ÛLÛÛIŞ . jl£tjtjA-û dJLJ ijJJ—Û Jjjj—p\j£AiAi £tjûJj : 34 Jjbuj £tjû-u 

£AjIjAşljlJ AJ jjL2 £tj û jdj)lj£ £Ajum Ijb . jûuJ £jûjjj £tjtjii AjJjAStJ A&ijJl^ juJlûjji 

JjIjjJLS a Lw 
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:( Flash Interference Figure ) jj 4J ^ij^LSJjJj ^j^iw-C 

l£&Jk lllljU Aj j^J j4S.'iyJ J jj jS UjJti tjJ&tj L^ ^jjjj (^jLbJ 4j 4j Jjt^tJÛ f>tj 

Jj[£<u $ jju jjj ^jLSAJL) JLS JuJj ^SoJ-IU- <U Jjjpl^SuJ 4,JJjlw pij .ûL uJj4J ^Jjljlu 
.( 35 JjL«j jjjiu ) wulwlj j Ûljjjj iStşlui IjAJ . JujJSaj »4S4jjJJjj jbû tftjjjJjljjjM 



. jLSjjjjJU J4 j Jjjjû jj jJ<U^jjj^ljS4JJJ jjjuL : 35 JjUj jjjuL 


:(Biaxial Interference Figure) jjjjdjjjj ^jj^USJjAj ^tjlu / j»jjjj 

JjbûjSjJ j^AjJj^Llu j jj^SJj j (j^jjjU <UJjj yjLSjjjjl) > uTiS jLS<LUJjJ^4J jjj JjjjjJ 
IJLJLU JLLwljlj jjJ JLS jLjUJJ » jjjuLjjJ 4J<U jlJJjljiu a JJjJj4J jjJ 4S i£jjJJ djljLi- j»4J* 

jjjjJLA jljuj <Lûjj4SjJ <Li ^JjJuujl jJÛ . ÛLSjj jLîfljj jLuSAJjj- 4 uG ^Sjjb- djj dSjjLi- 

ûûjjLS<U( 2v )(jLûftjj , ûjjuLjj ( Optic angle ) ^jjjjjJû j4ûjS <u jjjjijûu ^jjjjJû 

■ i£JH 

jLÛJ^L- j4ÛjJ (yjJjJ jbLiljb jLJÛJ j4*y4J ÛJjjSjJ Ijjjljjjjj Jjj^ j»^ jjjJ^USJjU jjjûû 

-: jjJuJjSjLu- JjJjljj- (j4jljiw f>jJ ÛJjjljJJJ. ( 36 Jjbj jjjuû ) 
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: lJjjJj<Û$jJ < 7 Sj$li' <U ûL)4j i^jJ ^jjjJ ^ljLj: 36 JjUj ^jjiw 

uçu jj^iw j^u4U$S jîj aSjaJ j <Um jJ a£aS jj -1 
. û>U jji jjuu JjljSAûjS ^jA^JAJ j&wdl AS ASjJ - 2 

^jjjljjj ta7 jLSjjj^4jJ,J jI^Sjj j<u«<U uSaSjj — 3 

.ÛjJ jj|£Ûu 

ÛjJ jj£Ûw JjljÛJ ^jj ^^U*yj<lw<U uSuSjj — 4 

.( 4Sjj4j (^jjj JJ wjjjj ) 


jÛûwjS jjdSûA) j^jj^USjJjJ tftjlu- A 
:(Acute Bisectrix Interferenc Figure ) 

4U j j_û ^S Jj j-wjS IJ_)Ljl Jl) 4U . 4J4A ^yJJjljlj ^JjJ^JJ jjj iJÛLSjjJjJJ tjjjii <U 

j<Uy<U jjjtiLw aûj^Ij’ ^4_Sjj Û L .ÛLS . jjjJLjI^j JL-jj4Sj: jjljS ^jj^U^S j^aûjjj ^SjjV 
( BXa) 4U <LS ÛJ^ALjJ >"i iinJJ jj^jHjSû4J (jSjJJj^ niTi Ij4—J û_L)Jj AaSjjaCJ Aûy^S 

■ ( 37 JjUj ^tjxm lûjjljjj JidStjtjAj jjijAA (jjj^tSjti uJJjûi 9 .ÛJjL/ljjJ 
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45 °j 


jjp—u JÎSA J j<Lu«U jji AJ ajjjL^SyJ ( 37 djUj ) djjJPtJSdJdJ £Jjlû pdJ 

j L uLS ujm&ij ijtgdJj jJau {jijjptjSijij £i$jJJ jJ Jji^jJJ f>Jj . jlSijjŞjij aLa 

i «i<LJj«Jjlii- i ijAjjJStijjji jîSAJ 4J 4Sjjjb-4««uLj jjijJ^l ÛJjJujjjuti J&iJLûijj £jjiu 
£jjt? jAuAJ ijjjj jLjlişJ £jJJi J jSijAJjjJ jlj£ i£JJj «(38 djLj £tjjJKi iJjL £tjjJû JJ jJH 

. ASij IS 
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jAuAJ AS J jjt ^SJjjjJj ^jjjpljSAiA) <£>jjjû : 38 djUj £tjjjj 

■ 45° jj ujJjjS £jtSîjJJ 


ujjjl^Ji: jujj tjjjjii UUjlJ jLSijjU-jjnuU tSijtjJj jjt uJjjtSjit ^Jju 4J ^ijAÎ jAjAJ 
'JaJjJ LUjjSti JjljJûLulj AS tjtjAJjjji jljuJ £jjji jlujSli t uJjSjJjUj jLS«jij<U U u$j 
(yJtjtjAmJ JAmUjS ijULÛUSj U j*Ami £jAAmi UUjjl ^ti tj. AmStjljt£( 2V )(yJtjtjAmJ JAmSjS 

. (39 )£tjlu ijJAtjb Ai ijAujjjJu 
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j ( jjlJAu^Ê (^jASjAJ ^^jŞld& J j A J jtşjJZ * 39 djL<j jt^xu 

.(2r j 2a) ^JjSAjljû 


)J_Sj jû jLîb , ûûjjdJb ( f>AjLuii j /lJSjj (yjLSJ&tjL? ) jV ^SdJtjlu Aj dStjjLrjuijL) jjijdA 
iLUjjjJtJ ( 2a iuUj: jLmuu tjJûjjj jljS jjjjtjj&& A& ^Lp- jjijimb ji^û jjj$i j( 2r 

: 2ojûb::jL Aj AjI m)SjLA ?>AJ jLwL 


5A= 2a/2r 
Sin V = 5A.U/n 


. tjijk JjjjLb ^ajLSajauG Jûmff- <U ûjjjIjj:: J&tjlS ^tjtjiSu jtSJj&jLi> =n UûojLS AJ 


uûlSj: I:ajLS j»AJ, ^lLu ^aûjjU jj (Numerical aperture) ^jaJj^J ^jjUj =U 
i£«£lu4J( 2v ) ûujjlpjj jLwlJ ( 2a/2r) ^jjSLwAjIj Au ûjjjlSjj ûujj( 5A )tj( 0.85 

.( 5A,n tjjjbJj-jj yjijljAjlj jib ûjjaSj Luitiij tj 40 Jjbj 


v2=49 0 ajIjaS v=24.5° ujj 5A=0.78 n=1.6 ûjlijSûJL /Jjj^tijj 

5A=0.16 n=1.65 AjJj ûtGLtb UjjjAA 

2V=9.6 ° GljAS V=4.8° 
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&JULÛ jjS d JdJujLA ^jLu&jLSdj <u 4 ^jjjj^Jj t£)$)J i£)j&jjj$J ^jLi b A : 40 fjLtj £)$jJZ 
)<U «Uujjij <£jjV <u it> .uujjjjibjjlj n j<u«lj<u 8 A . ( numerical aperture = 0.85) 


<U uuGjiLwJU j LuLjjjb ^LSjjb- ju ASJÛjS jjj<Lbjjj jjjJLw jLu&Jj jjluj ju .( V 


. ( Pichler et al., 1997 jjjl£j<b <U j^Sjj^, iaSj uaSuu 


jJLijj jÎJjLj jjwJLS jJLSJLJJjj jLjJujJb uJjL^JjLSlj j-Jljjj- ^JLjISjj uûjjljJJJ 
jjjjj jLu-û( 2V )j<Lb jju jLSjjjb-jjulj ^jjAiLL^ j <Lb .(Estimation )Aijb5UAj- 
LluLS jLSj^Li-^ ( 2V )^<ûjS ^JjSjjUj jJ ÛJjSjj)j ( 41 )jjL«j Jijlm <U J^ju uûjjlpjJ. 

.( 90 ° )Aj <bLwS<b (^Sjji <b( 2 V) i£AwjS O^j jjjj uulj jLSjjjbjujlj 
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StjtJjiJ ( 2 V : 41 djL(j t£tjm çî 

.jj4jLSjjjL?juj|j 

Jjljj (£42$S (£j iSjJJ ^ijja^\jSi,iiJ (£4£u2-£ 

♦.( Obtuse Bisectrix Interference Figure) 

> iL uLS * d^lj_S u&JjJJm^ 4U A-uuJjJ jjIjÛu^jjjjJj j jl^ij ^S ijjJiÊ , IjSJU Jltjj&b 
Jmi jjJjdS LUMti iJijjflJ&JjJj, ÛJjSjjtj JjjJljS jij jJmmJJ ^JjjMIM Jj tStjU ^SjJ 

fULJ. ûJjSti 4jLj-j (Bxo) i£LÛA AJ j ujjJJJ^lj JjljS i£4ujS i£j45b4) <jj$$£liS4J4J i£J£lu 
yPLS<U. iiJjj j LSjjj (jSJjj^LU^ ij<Lj JiJ<U jjiSoJ ^Li- tjJZ JjjL-]uj!j jjj <U JJtjJZ 
iyStji^ jji JmJ j tjJJijiStijjji jSi-JJJ jLSjjjb-juujLj lJ<LS<LuJJjj jjjLu £tjiJ)Jj)!jj? 

JiSiSjjL- jji Jj jStj.il? jMjlûjji iSjiUM [jtjijjjljjjiM pljtijAjAi j jiti jjj JiJjJj jLwljU 

.jjjjLj jjJjjj jjjjJ 

:( Optic axis Interference Figure lyjjjijlt) ,£jjj^4j ^jjaUSAiij 

jJ,jmJJ [jijjjmiM [jtjjJJJj JStjla- [jiSjJ iSLulS ( 4Jii jLtJjjljûu (yJtjtjAJ jji Ai!j[& jJj 
iStjJ-u AJ ÛJjASti û-iMti AJ S^Jjj^USAJAi StjJMM jjj l_$4i ,ÛJjijJ JJtjtjJÛ jji jJJ illSJb 
AJ StjAi JaSjJ ijljL? AijjpldS A i A i StjjJj jdJ . uJjJjJ^U ^jjjjljûu StjtjAJ ^JjjaUSAJiJ 

. IjÛJ IJULSLUJjJ^AJ d4j tjjjii 
jLSjij ^AitjLtim* Jjim* JaJjJ j ÛJASjJ jjU-juJlj d4J<U j^liS4J4b Stjjjj Ij4jLS jA} 
JimSi U Jjjlj4_J4J 4_SbjU IdLwljJjlj 4J j 4-J44 ^Jjj ^JJtjûJi JjJb-jjuJLj j»4J . iiJjj 
StjtjdmJ (jjûjimSjtiAi (jjjjmMM 4SJjJL^juujLj (j7 i lllljjjlj .(42 JjLUj ^'j|J ) ^jLSJj4 mu4 ii? 
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j û—ijjSj j Sij*-j 4-S4Lujjj j$jl__w 5 ASdjb- cr _/j$lj»uj 

jjjUb jLu diit 4j44 tfduijjdj dSijjLfjuuuû <£i$jJdi J 4 S 4 J ( 2V ) j4S$S j j^4uj4j^j j 

.(41 jjUj £i$jJZ) tjSwu 


/ 

/ 

y 



aSaSjj ûÇpLS , jLSjjj^4Jf$J Jjjjû 0i$$?\j£&iJj Jijjuj : 42 jjUj ^i^j 

.uxi jjjjjj Jjljûu ^itSjjjj^J 41 ûQS4j jAwAl 

Jjljûu ^ijjjjj ^ijjpU&JJii (yJijljJLu tfijlû-D 

u Optic normal Interference Figure ) 

J$lj-Lu JijijiJj Jx?4Û$jj 4J ÖJjSjJ j? 41 4S4uJJjljûU JjJ$4J jjJj44 4S j4Î£4jjjj j4J 
Optic )Jjlj-ÛJ tfjjjj-u 4U Aûjiûjjj j»4_J j4_w4l 4j«LLw 4_S j4JJjJ^4J jAÛ j ÛJjJJj jlj 

jjj jjLu- 4l( b) iSjjlu ^jjj$4j j4S4l iujj? jjljlu JijÇjj ûLS j4jjjj. .ûjjmIûjj ( normal 

ûj$4_SjJ û_uJJ4J Jjlj-Lu ^ijjjjj j4_w4l jjjXJJ ^dJijiuAi 4S j4j4SjJ j4j . UjLS4jJJjJ^4J 
ijx-u |»4Û. Jjlj—Lu tjijjî—u (jjjj-plJ&AiiU iSijiJj 4lJ û-jjJJJjlj j4S4jffJp4S4J4j ^J^Lu 
jj4_. ^4-^41 jjL_ j JjjpL^SyJ jLS4_J j4_w4l jjjb-jwwUlj jjj 4-1 Ji4jjj-H45j4j 

tj&ÊÊ&Jjj ^A—Uiijj? , 4-S4ÛJJjj j^jl—wû Şijit lA'il tjjyA 1 j ( ii_JJj jL-JjJj jjS4JJjL<4—ç 
jLS4-Sjjj jl__Sjjj JjU4_J>- LÛ4ÛJ j jil^JJLJu- jil_u Sjdu-ijjj j Û_JlJJJ jjj 4SjjjU-jwu—JlJ 
.ûu-JJ l4jLSjjJj4J d4J JjjiiJ 41 (Flash) Jj4l yjj^l4S4J4J jJ$iw 41 4JJjiw ^4j.Jj4lLwJJ 
jjijjjjj 4S jj4SjJjjJ 1 j4jLSjJ j41 4S « JjJJijjJj jiJ jjji^lJ&JJJJ jjj«uû 4 j^j- jjjuûb jU ^ u 
^iLwb AUj jjl_JJ tjjjjjAU jjj i&ijgjjjU\J jjJj44 lJ4jljiw j»4l ,juJ j4w^S jj4SsJ4l j4w4l 
.ÛJjSu jjbJ jj jbijljlu ûjjjlpjj jioiLwb4j j44 j jJjSjJ jLwûuwJJ jLS4Sjjb- 
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: j^£lJLS4J<b Luijjl 

Jljl&J JluhJ^ju , iljLSijiS <U j$b -?-ld£4J<l) l£4£LU (yjjjj LUltJji (jûjjjz Jijjjjj.Sjjjj jj 
jjijJ-1 ^LuAjLSJ-J jJIS&J uSLjjjj. .ûiiiijjj ^ jjjlj-j Lj jjjAUj Sjij-Jj 

jiuêjAjr J ^ulU ijSljjjj bdjU ,( ijijiSjS j&ÛJjUb ji LLUjL<U jOJ ) IJj4j4lu4j^ 
jjj^J j rijLiK Ij L jb<LU Aj J jSim JAJ UJj4-J l^ijXm ÛAJ ûSj^L^ j4^jJ J^_W AmUjjdSii ijijmjj 
(jljL^JLuLu j^U- ) jjjUjjIj- jLj jLuuuj JuuSb^jj (JjjJuu ?&j ÛLuLS . 4SjjSj<Lu<U- 

Jj^Lw jLSAJ j<L«<U jLjLSjjJU ^ljLj^ jjljLj- jLûLSiUJljiij- AS ,— Û .U jjJ jj jjLUujJ 

4J ^ ijdjjiJuui j^JjLuUJ ( ijijAmu ^jSjJua&p ) ijijdSJû j\j jj jLSdSju ^ <7 iTIjaS jjJLS Ji. 

. j^JJjJJ <UuljLj U4J4J j<USuJ jjj Lû<U Jj ijijiSJû 
LLjj j ûlJUjjj jjju^USdJJ JiS jlJ-SjjU JU ^j^jjjjj ijijJSjJû dJ <uS Jj^fu J_w ^Jj 
i^jjjjjjJj j jLJjJJJi ^jljLu^ j<Lu4J iJjJj Ji&jlSjij fiJj .jjjj^USJjJj ^jLSASujj jjojdSjii 
uuHSAJ JiJjijij' fiJJ .jj tl JijLS<U ^SLjjjj t£jjJ? LAjjj4A j ^Ijjj ^jj4jlSS jjj j4SjjL^ jASjj 
ujju^ jLSijJJSjJ ^ijdJ UuLu <uS jAjLûju jiJ dSjr jjjjj jjj&lJS te dJ (gjLSdSjij USjjJjU 

■jjjJ LbjlU (jjjjJ, C&ijJ jjSjJmuAdp- JJijdA jjjU JdSdJ jjjj 

-iijijJj JAJ a jj^liS<U4J Stjlu 

jjJjSjJw Ad& jjijitA jjjLLUjLS<LJ<U jjSlj^j SjtjJj i£»jiJijSjjjj IjSuLj ijdSuJ 4J i£»jAJ 
jjl^l—U- LÛ4U. jjjm^USiJiJ Jijjmu (Jijjjlujji \£»jJjijSj$jj j<)S<U <Luj jljLu?- jjj JHaJj, 
t&j , uJj.lUjJjLS4u > jj4_Lujjj ^jjLS jjj JuijiSii iS ,ijljSjS jJjjL IjjjLj ^4J 4S Jj»jJj 
(£ iŞ4m*jjj jJjiUw j uU<LÛ ^UjJU 4U ijijSjduutte <U ^uLU ^&Lu <lS uLSjj Ij <U<LU$IU 
4 LoJJJ jl^Lu- UIijLLu j44 ^jlJLj jdujS jj (jSdi L)U<U 4 (43 JjUj jijjJ ) uJjSjjij (jSljjjj 
ijiujjiS jjji Lu j <LSjjU- \£iSjJ jiu ijjjiSii jjjjjjj jtjui 4j iSiSi&j^ jj.ulj»tL) jijij 

. uLSjj Jbj jjV j<L? aJ 
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D<LJ (jSjjjjJjAJ j ^jLuIj ^jLSJiLuaJ (£jj4) ^JjuiIjÛ : 43 JjLj &3£b 2 

.jjJijL 1 ^jSim n = (jjLULj ^jSim n j IjjŞ- (jSiin 6) = ^jjLlL (jSim n IJJjL j*A) . Ij ( + ) 

<L-SjjU j4_w &u$<}& JiU <ûl SAxj^aj. Dobule refraction uiijj j ipjAiLSiw ^jLjû aj <u 
iSijûijMJ ^+LwljLi <U ;j<LSjj<U ^jLwLLj w g -“ 4 (jçj^jjjjj diSAj>$>a ^JjUî jL<L4> <U 
j><lj (jjj^JjUÛJ j2U jU^SoJ* <UAS<LjL) (£j$U ^JLLIjLj <U ^jLwL (jSLuJ jijAJ j<LJ<LS<Ljjb 
. IjSLL liliiio Jj LIjj Lu uwjjj jj^liSJjû (jiLSASjjj <lS jUSjjlj <LJ JjJjJjdSU <U JjKiti n 
^SUj^jj aSaSlj^^J (£j_jjjjj (jjLS^^iTi ii) ljsj <L.uS<U+4'j jLSjSiTi ii*) jj^Uû AS jj^Jj j aj<U 
4S4S^j^jU ^jjjjU (jAuljAJ JLSAJ JjjIjJluJj IjûSj^U ^LxLU ^j amşjjJ LS LjAA (jjUjjj 
. jjjjj j ^ LS<U<U ^jLS^ijj ^LSjjjJU <Uj jjjjjj ^LSjLSuuj jJ ^<uGIj<U. 
<U J<u t^SUjjj i LUjLj jjJllluj ( Monochromatic Light ) Jjj <û jjjjj U<u ^Ljjjj 
^jljUj- ji-j jjJjjj^S jj jLSuSjjG ''■)"- j .ûLSjj ûujjj jjj^- I<JLS<LJ<U jjjU jû <U J<U ^ljj 
jU^Su . (2n+1) X/2 Jjj <û (jjljU^ j-j jj<Luj<lSjj jLSuSjjj jLSijj 4ij7Tj j n A Jjj <û 
laLw JjLS j*4J . A^JjU ^jljjj jjj JjUw (jjjA A J jUAJ iJJJj jjjAÛj jSjJ AjLSjyiU |»<U (jjjA4J 
jjiLS+UljLj J<lJ<U j-)JJ ûjj? <LJlj jjjj^J-JJ ( E-W )jb( N-S )(j<iCU!jLi<U ^<ULSUj j<Li 
. jJLS jJ Liujji jlSjjjUjuujLj j jjJJ lUjLj 4jl_*jjjy j4i lj<U IJjSjAjjU jjJjAA 
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J jjt yjjZlJSdJtU JtjJLu 

iffjjj-j ÛLUjji JjAxijJ^ <U 4-SJjj jLS<LjJjJj<Û Jjli- igjjjfldSJjAj tftjlu (gjjjj ûdjjji 
jtjtjdJ jji liij-J dS Aj» jdj tfjljl—L? LLxLj tjiSdjLJijijtû d<u j^U- J»jlu 

jji ijLj 1 ^jjjJ^ljSAjAj l£»jjJZ JiJ JjijJmi jJmJd! J&£ t ijtjJmJ jiJmJ ^jL-Ç^ Jij JtjJJ ijljjUmJ 
ijljAj^ jdiJdStJtjdJ jjijJrnd jjjj&Sjii jj >Jj) ilTl dS t Ajiid laUJ jl—J jj jjj jji I JL)U<LJJjJ^<U 

.(38 JjUj i£ijlui ) j »i»i jbj j»i jlS&aj jiSjiij 

UlSjyfuJ t^JJûjS ^jU<U ( 3 V ) jjJjjIj-Lo ^JJûijS jAuA) ijjidj ijijJj jji tjjjjP I JS JJJJ ^ijjui 

jSUiiml . JJjjUJL£ Jjj dSijjlmPjUhjlj JijlmÛ j ijdmJLjii dujjjjj jiilJjJ jStjlmPjMjlmj jjij&l 

^bUJLj iijimJjJii U-wlj ASjjjb-jw-jb JijlmJ IjAmJ Ûjj jJijjAmS JLSJUJJJIjJLU JAmJjS 

.( 41 jjUj <£ijjJû )LuJii jtjiS ^aSjjAjUA^ 
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^LuAjLSAjAj ^JJjlj-Lb jS ^yj 

j<LStf$y <yLSij<U ^jLLUjL jljJj ipJijjU ( Optic Sign ) jjIj»uj ^Lûa *-l umAjAj 

i£LuA yjijiSjjLjJ Jj ûjjJl^JjLSJlj ÛUjjlpjJ jj$.HjlS<L<L gtjlu .JjjjJjLSu ^jlSdSJjSjb 

. jLSjjjjJj jjj j jjjjAj J<U , jLSijLi- yjjjljiiu 

-: jLSjjjjJÛ d4J jjL- (jjjjljiu ^LÖA ^jJjSJjbJ-1 

jj<U ^jijL- < jJji>jJJ jLSiditw4w jVjlj£ J %uy <UJjJ J<Lu<U 4S jijljL- JAJ IjSLL ddj 
Ajjlj jjj-uljjJ ( nr.Jlo )<U 4S jiJ<ÛLSÛy ^ASJjSjL JJJ Jitj\S <jljb- j»<j . jdjlj-Lu ^ijjiAi 
II;; )Ji» M<U> j ^jLwLLj ^SuLû ji«<jLS-« «£4-SijSjL j ^jLwlû ^SuLçj y£ij4iLSÛy ^iSJjSjL 

.IjAjIjL- (LAJ Ij 0 ^JjijAi J 4 S 4 J Ujjs^( 
^SûLu j ûJuljîp- (jjLuiLj ^SLLj ûiijLS ûuiii (+) i£4S4jJi£ljiu ^Lû^ ijijAJ d<u ^SujjjU 
jiiij iûÛJdJf-I^LSijJi^ljiu^LÛAif ne > nco )j-i ^<ubL«<L tûojjLijjLwLjLj 

.ÛUJ Jj<Ûlj<LuJ <U 

&u ijiJijIjSjjjj Ij 4-3 ijLij JJ iJijijAûj d4J «j£jjJJ»b iJ jLSiSiTn ) (£ij4J ^iuuljL 

!»<uj. ÛUji^JjLSiJ jJu-jlA (PjjjuHdSiJAJ ^ijUy <ulj jtuL 4 (jjijljiu ^LÛA a jjj<LSuwiJ4j 
. (fkjuMU? e iuLj dij ûjjJiJ jbû <j <UlJiuJjj |}aS<U jS ^ilSsLuU <U djSJJ u j<UjL<U ijLS 
JÛjljiS.ijljSjjLj j<Uu<U ^jlSjSuoj ^<U<uljL jUiujjj JjS<U JS (jjLS i ub IjSLL jiujijJj 
jjJ JÛUji-iJ <LjQÛU ,»<U ûLSaj djjlS. jjljjlj JSiub ^ (Ijîp-j jb- ) ^iLSdSuui j<û<uljL 
jb Jjij jLSJSijb- u^Jtj iJijb fkJJ (45° (^ûjS<u jLJxûuû <ljjL— jjj<Ly<Luj<LSiJ JS ^JjjS 
^iiij IjiJ «ûÛJ ujjjj JSiub jiw ^LSijJ) <U <LSijL cSJSjJ ^iLSijU ÛLLLS L- . jjij jri 
<LS ^JjLSijL^- j<U j ûuUiJ uSLij jbJU Au ^juJjiwlj<u ^JSJSijLç j ûUiJ jû JSijL- j<b 

. ûUiJ Jjij JSJ^jij Ijjj jJjljJaÛJ jLSJiuljb 
<uS ÛIjjj jLi-u (ûuulj )j>Sjj iiLL- _j (uAşt-^V )jjjl>S ^jL- ^Sujjjb 44 ijbj «£jjUu 

i»iJj<U <I_U<UiJ ^SAjjuuufr (j-ub ÛLuLS. (jJijiJJLJ ÛJ<UJ yjj<lSAjjSi?-ljS<UAJ (^ijuw 

a S<uLL<b ûlJiJjjj ( Addition ) <ûlj ûûjjj jju jLSjjj f«uiw j ,»<iS<u ^SjjLç Ijaî ^Ljjj 
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. I J^SjjL# 1 jjl j&J imSljl^ ijA I illlljU J<lU<U Amtj\jm£ 'LS'LuLj )4mU [£ti I illlljU Jmt 

j&J bdjLj j>Ai -tjldijj) (Subtraction) &\j ulttt tjtj j>t)\j% j jtjjt ^Stjl^tjij^ji^jij 
<LS tmitjij ^4S<LjjljL^ LÛAJ \jd!) ÛLjLS<U LSjL JuŞj jiSiJ tjt( + ) uJtj\yuJ ^LuA tj\S 

ijûi) ijdmjAt jji \jtmJ 4 J JJiULUJ J fldmi IjLjLU i£mjtj Am£ ^ijlStjLm^ jdmj JjJj ^Sjlj ^jLU’dU 

. ( 45 JjLj jijJdÛ ) Ujj&Stijti 



4jitj\jjjj ^LÛA tS tjtjij dlij ^ySjjjjJj (yjjjpfjSijij ijtjlu : 44 jjLj jtjlu 

■ t( + ) 


iSjjj <U U<U ^jjjli_S dJUJL^jL <U ijjjL^Sjj 4S iJjjjl^S jjljj ^jLuAjLSu ^jLSU 

. <LJ<(£ (jj jjtuuiJ jJjJJjiA^ jj<LS<LulJ4S Uj j jiS tjLjljidt AJ ^iSiJjjjjduiJ , ijijJjjjjuuiJ 
jlJjlj Ij L<Uf ^Amijj? <U gjj<Lu AJ ^SLjjij |»JJj<LJ <Ljjj-JJ <UJJ j»<b ûLuLS JJjJ 

jLjj jji^L^ j»<û ^jjLj (Addition) tj\JJjjj jjjJ Jbj aS ^ûISjjL? jdi . ujjiii jlS&tj 
tjfJujjj jjj-J j»<LS 4S ^jLSaSjjL’ <U fkirwu * j^jjjS jb<U^ j^Lj jj tS jjiSt!jt!\j j jiSa 
jiiS dS ^SjjLç ijjjAU jU <u<L)i^<U i . jUji^jj tjijii jtjij 4jljL4ç jti (Subtraction) 

.( 46 jjLj jtjjJ ) ujjiSjjti Jiiij SiiiJ jji tjldJjjj jjjJ 


70 




+ 

j LSjU 4J jLSJiLu (^jj^ jtLbljlû : 45 JjL<j jj^U 

. U ( + ) tz>»j»3& 



. jLSjjjjJu d4j j$ti-^j yjjjljlu ^LbA ^jjjijjbj : 46 Jjbj i£j$iw 

i£Lm£ JLSj$li- ûLuLS JLS iûljjj jlLbuJ jjjûLu ^jLu i£4jlj4jLu ijLu ( 47 ) jjLuj jjjui 
. (ûwlj £X )ûjLJLS j (uJU- ) ûjGjj 4j JjjjûjJ .luj (- ) yjjjljlu 
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^ajljjuJ jjLÛA 4S tjaşiû J<u Ja$$?!i£ijA.a £a $lu : 47 «jL«j £t$iu 

■»( ~ ) 


-: jl5djdj<Û iiJ djL?- ^JjljûoJ tfbÛA <,jjjSjjbJ-2 
tfAfljSjlA lyua U«j ji«l * jjj-wlj jJ ^-Jijljilu ^jjjjJu jjj ^jjjj <U Ajljli- j»4J IjSbb dij 

. jjjwbij (a, P, y )Aj 4S <u<u jbjjjULS^ 

iJU JLSiili- ^aJjJ <li Ajj^Jj jLSjjJiJÛiiJ Jjb- ^Jijljju ^LuA yjjjASaaiJ >J jb jjjub 
uJşimSj Liuuiai (Bxa) j._b imujS jlj<LSb<U jJ_uJj jjilLw ^bjjJ ^Lb <\b <U <(S .LuJ JJASjJ 
uIjjj jLuoû dJaşjJûi fiimj ^jjLSijJ—u^SaJ ûili S( 38 )JjL«j .( ?>4jûjJ ^JJj jj ajJjiSj ) 

ujj ^öjjj juj JLujl jjdSuJL) aS duLS .LaJiJ ( + ) jjjj<b jjj ^Sjjb- jjiib ^JJiljjaJ l£Lm£. 
.(X) u_y Ijûî- tjSuuu jjJLSuA) iJu HÛjLS .u_uj: (- ) djjb- j_j (Z) jb- ^SuaJ 4) 
JLujS ^jJlSuJJ ^jji^- !jlS4j4j £a$jJû ^LuAjLSAj 4j jjjb ^jjjSj^j jubj jj jûlpjj 

. ajijjiSj jjjj 4SLÛA ii Jj4A ( Bxa ) joJ 
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ijl'Aj duûlS ) Ulj (.jLjU (48A «jUj iftflu ) ûûj (+) yUjljiu ^Uu 4Si$l? ûÇpLS 
j jHjji jSijL? aJ (Addition) jjjj Jbj b«jb j>Aî < ^Sbjjj f>jjj4j jöjjaj 
(£jLb ^j &u bu jjj J.U jibwljb JAÛiJ (Z) jLb (jÇ/û j) JijdaJ J Ij b Ijjjb j&l j uIjjJ jjj 
JjLj j&J IjJj (- ) (jj)ij\jjjj ^LÛU jjb <U f>îf<U . ûljjjjjj jj^j Jbj Jjjj jJb Jjjjj?- JiSjjU 

(5jLj jUA4 IjjjjljiS jbjU ^jLSiUU ^jJ L uAjLSAJ Jj . ÛJ JLU (48 B )JjUj jijjJj Jiij 
. ûjjdSa ûdMti uIjjj jjj Ij tjtjjû J<u ^jb- ^jjjljlu ^jjJjjjjj ^jLS aJaS ^jjAj Jitj 
ij\S JtjijîuJ ^UU ^ijijjjji jJ ÛJJjLSJJ Jtj) jjjj JtjtjjJ ^jjplJ&A U4J Jtjlu jb- LUjj44 
^jjlu ^pjLtjb <u Cujjljjjj. ûjjASjjjjj jjbjuub d<u Lû<b IjjjIj j»<U. jLS<Ujjjjj<b jjt 
ûûjjljjjj IJÛu jjb-jjub b<U ^jjjj ^pLS <U jjljjS . ûjjLuû Jtjj <U Jjb f><U ( 49 )JjUj 
^<U-wljb w jJjbU_j û-wjj <LJ JîJjA-J < ûujSUjbJ <LSjjb ji^lj-uJ ^U«U ^jL-wb 4u 




j J.U JAuj% JjjSûAîjjujJ j jjjjj Jtjtjiû jji iSjjjJj ijjjj^ I*ÛAJ JJ JtjjJû i 48 JjUj [jtjjjj 


. ( + ) B j ( - ) A .j^ljju^Uu^JjS^bJ 


73 











t& ^SLjjjJj ^jjjs^US^tAJ i£tjxu * 49 Jjbj i£tjxw 

.t( + 


/ jii^b 

îia =1.518, np =1.524, ny =1.526 jjaa ^tjtjLSSi ^tjlSlj&jii j&t j/Şj&jujjj Si^ 

<U jLSjjjb-jiAKjLj ULpLS. j&tjiS- Jj IjjjSjJi ( BXa )jjj &uj& ^jiSjil jiuiJj jJJ jlu <jSAjASjJ. 

(SW )«i IjLj jjS SjjjSu b ^<L-JjLj jj jjumAj? ^ûub i jiju IjuJluw 3 ,»<lS<u ^LSdSjjbf 

Stjjuu jAJjj.jjj tjtj jiuSjtj jtjlju? j jtjjt (jjLSAStjL? IjaJLS jjj t tjZijjJj (WJj4j JJljj- 
vUSjjL - ^j^J^ jLwL . jA-) 3_J <l£j iijUj jl&t&JjJ jtjAl ^^CûyljLj jtSj jjj£ Ij&Attj 

. d&J jLûLu wmvjJ ^ttjljjjj ^LuA Ljjj<LA jiSj ^jLjj tj&jjtj IjjaJ jljLjAl 

/ jUi»b 


j<Lw<U <lS JajaSjj j-> jLuÛSj ( Aegirine )jjj*j <û ^L3- j-> jjj^ldStjtj jtjjj S^j 
j ( 2V=65° ) JÛji^ 65° = ^Lûu ^t-uijS tiStj L'.*u »u jjjSu»jj jLS<L.uLuj tjtjijj &i ûLS4j 
^LS<lSjjL? jjjû^Sj jLS<\SiTi ii) ^jj jL j JÛ<uljL LutS jAbj »j( -) jî jSjj^Ij - ^jj^IjLj jLuA 
. (jSLijj jtSjjJ tjJjjfJ tjjJ^AAjjj SjjjuLi Jd&uljlj <U (*j)"'JLiT crub LiwjLS aSj cSjjj 
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/ jUi*b 

-V- 

na <LJ ^Lj._j A-S ^ajLSLu i£ 4 _&j£jU ( Wavellite ) û_j%ujj ^Lj- 

i»<U ( Bxa )j»u <u&S £)4 Sj<U j<l«U ^SjjaSjj =1,525,np =1.535, ny =1.55 
f>jtn n> ^uL) jjj-l IJ_«<U j ,»<li<U ^SjjLç JjAA <U jLSjjjU-j)_jU LCpLS . I J&jiJ »jl? 
j f>»jj» (jS»_)\-Z JJijAb bdjlj !»<U * ( SW )»j\j\j jjj ^aifwlJ ^4iwljLj <U jSljjjj t>»»jA» <U!jj- 

iS»jdmJ £A i III IjL) j tj L^ i»4-J 4m 1 jjjjHJlS4J4J \£»JJ iii £AJuj JJU jlî jLjSudj j»Jjl^J^ 

jLL_u > i nJJ ^jjjljjj jUawA j Jj im j utj IjLu £jj)4l t£tj L^ £jj% jLîU 4 Sj ^jUj j U4S4L J 

.4Su 


/ jtjlAb 

B j A ^LSjjl^AU ULiiS 4 Jj4£ « 4 ,Lj jJjLj j ( 50 JjUj JtjjJZ )tjtj\j-f- £»UiJJi itt j»4U 
^jjjljUu jLwU j (jLSjjd^JU^J jU jLSjjj^JU dJU (jLSjj^^U <U jj? j»LS jj tjAjjjASti 

■ tjtjijjJU j U SoS<Uj<U 



B A 

B j A ^LSjjU- i ^jjji^)j£tjt,j JtjJMi :50 jjUj JtjJMi 


15 




/ jl4*b 

nra =1.524 , ns =1.498 s^j^iL £m saSJjSjLa jjs CulJjjijLS S 5 L? 

j 2 ^iLS^Sjjbf; jlj_b 4ijj4SjJ 45 ûj4SjJJ SlijJb-jujb ^Soib iJLulu ^jJjjjjJJ <4J4A 
^Sjjb;; ^jjj itjtjjjj JJljj- ÛVaAjJj £jjjub i£4lwljb Jj f>j)iiin> ^ljdj ûÇûLS .ij 3 

.jjj tft" 

. A5j jLSJiuoJ i^ijAJ ^lLbu ûwiJ j 4mjS8 jjLj f>4j S4lJj - 1 : jljSljl J 

. 45j (^jLjj tj<Lutjljlu Sjjjdl 4StjU- Jjj'?— 2 

.ijtjtjjjj tSijU- ^jJijljjjj JLmA Jjjt- - 3 


/ jLuAlj 

IjS4j4j 4 jjJjljjjS jJ^SjjSuL* SjL£ 4J jjljSjS ^jt^S j4u«4*- ^Sbjjj ^ÛLuAjLSajAj 

Stjj-u ■ ( y )AÛJj4JjJ ûyjj jljJÛi ( p iUjjjA^ ( 2 Vy >90 )^S Jj4jLSiJ ^jjj £J£JJjj% 

)J_U 4mujS jJj4_Sj 41 4û4xûjJ jLSijij4J 4i jlS aSj jjbj jLSb jAJZjŞu jJ ^4S^jj^ljS4J^ 

. 45j jl m 47miJ ^jJtjljJut SLmA tjdjijls j»4J jLub ( Bxa 

/ jLLlAlj 

4,1 jujjj AS 4J44 jjj4jb*û jASljSjU JjUlûm jj 1 

SLjLS ûj4S û«j: jjU f>4j (jij^QS^j^j S4&U na =1.65,np =1.653, ny =1.658 

4j 4SjjjUjuuLj . Jjlj-uJ c ûlSijJj4_j 4J SUS4J j4w4l jjJ jjjlu jjjljjSjJj ^45 j4J4SjJ jij 
tJtjJJj 4Jljj- jj4ûV44jjj Sjjj-2Lj ^4Û_uljb 4j j*j) »'JLiT —IjûlS . Ij-uJ UUJjljjf ^SjjU 

• jjJ ^S^ 

j^JJjljjjJ Sbu4 Jj£U? jbSLj j 4i<J ^jbjJ jLS4Su_U ^>Jj4_î j 4i.ji.Sj Jjb j»4j ^4bj : jljSljlJ 

.tjtjtjjju J&tjLt- 

/ jbl4b 

na =1.72,np =1.724 j ny =1.734 : ûjju>b SjL?- 4 j 4j4*jLj 4ibjLûlj j»4j 
j j*4jjJ ^jlSASjjbf 4J jLSjjJUju-Jb . Jjl JuSjtJ (yjjjum 4j jju 4wjS jj45û4lj4ui4i 4S4SjJ 
U^ûtj JjJjjjJ 4Jlj,j- Jj4jV44jjj Sjjjûb S4Ûwljb 41 jjjujg ijÛLtJ SLûlS . jJj4SjJJ UuJjljÇ 

.JjJ Jjjj j4Ûuu j j»4S4J ^ilSASjjU 
^JJjljjjJ ŞbuA jjjJ^ jb2b j 4i<J yjjLjJ jtS4Si7i ii) yjjj4û jJJjjŞu Jjb jAJ (j4bj : jljSljlJ 

.tjtjtjjju ASjjlb- 


76 








jLSdj45a^J Al djJjAA ^lidjUfidj djljJLu 


uSjJLjj j tjdJjJii jjjjijj j (jL jJdSuuiU jlStjlS luuS ^jLStjL&tj tjljJuo LujdjLuJ jdSdj 
jAj J j J ÛAb ^jLuSj AS ^jlj jLmIjAJ Jjjt i LUgdijti <LuIS î»AJ Jljlp JU j uAap»} 

JLJjj Jjjfiimi j jjj£a_wL' jjAbLSjjj^AJ jj_?’ Jjij-S ^jjjyLwjjJ Sjjj 4d jSjjS AS JJjljLi- 
,»<U j4w 4 jJjaj jLSjjli- umiS UpLIJJj jJJlu£ jJj ,a$Jjj&jjj$j ijLLujjjjjj <U jbjjLuwlj 

<Û4J|J 


^jLSjjl^jJ« jjjjl ^jjj* jjjÖAû 4 J£u2 4 4^JJj tjjjUjjjjJ 4) jubjJ jLSjjbflJj J^ljûu 
j j ^JAÛIjjJ, ^jljjj jjj^jlS^^jG jjb j ^SjjG* j$$£ldS4j4J ^Sjjj <4SjjL- 

.^jjjj ÛuJjiJ ASijU-tJ ÛJUJÛ jjGfljj J (jJJjljiU jLuJ J jj^US4j4j StjJLU 


Quartz jjjl^S 

Si02 ^Lw4m: jjjUjjjJ (j*jjj 

nco =1.5442 ne =1.5533 
(+): ( Optic sign ) ^j$!jLui$UL 

.4JIJÛJ jSjM SjL?Jj?jjj j I4SJ4J j^SjJ 4) ^JJjÛJ <Sijj 
£$LÛ- j4j4J jLj- wL j +j4A. 4 jS4j ^jjJ ijj-ui Sjjj-J j u-JJJ d-u^Sjj ^LSV jLj- jjj-: J$iw 
.(ujLiojjru j4iijj ) iJuydS^jb jdSdJ L ^SLûljS ^4lwJj )ÛJjjjL)»i jjjLSjjSjL 

. ujjlub ^4J -: jJjÖ4u 
.Jjjjj4J ^4 uJ4jIj4j4S 4) j^JJj jjj~- j($iJ 

4L tf S4u4SjJ 4L ne-nro —0.0009 4_«^ - : j^U? I4_S4 j4j fj^jtj j ^ûljji jJj4jLS_w 

.j$Lj jjjj dl«4S j4S4j 4b djjj jjjjjj4j û_u 0.03mm ^4S4ujjj>L4j 

4Ju«4A C S&ZjJ' j4m 4J j jjjkut&J j4SjJ.4jJj4J Sjj? 4J ijjjjJ LbjL Ijjlj4j SjjjLiAJ-t <j5JjG 

.( ûLSjJjlûajj jLS4J jp-4jjG (,5 jjL dj$) 45 jjG 
.Û.UJJ jL- jjjjj jb ( +) 4ûu«4A IjjIjG SjjjJjAJ —: (^jJjJ jL.t& jL j 4Ûu!jb 
.ÛJ^4 SjJjJJ USj4j j4SjJ 4J (jj4S4J jjj ^J^4S. Jjjj Ijjjjl^S 4J JJU 4f |j4A-: yJ4j!j^J 

.( + ) 4JJjJj4J d4J -: j^LS4J4J jjjiw 
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jji ûuljjjjjS jJjöA-w tyjjjjJûi ujJbijillAb j ûjjjZii jji&S-i ijijJmuL) ipJjLuJ 

j »(-) ^ajljûu Şlm ÛA ûjVjj LSLw (5jLu-. (-) ^<uSAJ jJj: ^l—wA Jujû £jLu-. 4_ utjijdj 

.tUJAijSjil çSjJdjlu ^jjjLuûb-. JJA4 ^JJjÖAu 
Sjjj£> ■ LUG 5 ûjLwjuu<U jjAujySjJLu- ^jaSAj* uJjSiJLU jjlS ^jASaj jjj jJj($S -: jljjl 
.LUjûUJJ IJUjLj AJ IjAA jb <ULw LAj^jAA.ÛUjwUJJ IJ^IjJjb <U Jjûjj yJAJjjjJJ ijlw 
^SjjJLub jlu ^SjjJLj ^SujLi- djj.UAA iJjLSjjJjS i£AJjjj jlû <U j jjlJb jjj ^Sj^b- -: jjjj 
CuVjjlj^ CuLjljl d»j ijSlj ûjÛaS AJLAjjjAA j ûuljuj($Sj jjSjb ^jj^- ^ ^JjAJ <U jjSL jjj 

. <UA& b julj ddj jljjS ^jIaS j 


Orthoclase jLdSjwjjj 

(K.Na)AlSi 304 ^j^Saj: jjjJjjjb ^jj 

na= 1.518 np =1.524 n Y =1.526 
2v = 69°-72°; optic sign (-) 

^uSdJ Jjjlj 4 J<U.JjAijL.ûûAA ^Lb <U AJ JjtjijijuiJ ^SuAj jb-jjj j»SfJj* £j»jjj : L&j»j 

ASU aS ljjûj($S 

Ijjjj ^J (£j(jAjLj S»jjJû AJ LAijjAA (Phynocrysts ) AJlJJjj4S ûj^U i£i^.u3Al jb Jjj :ijjjû 

. AjAA 

.LuJjjjJii ^ûbAJ ^SaJAjjS^ASyJ j Lljj ^jjjÛAu : jJjÖAû 
. |»a**JajIj<ûaS ^j^AjLSu (^dSJ^Sjb jJ »j£jjşu s»$dj£jj ^aSJ^S^U aSj^j^ ujj : j($»U 
<LÛ_w<Û*S ^jj^USjJAJ (jSiij i$AJ j<U<LJ n Y - lla =0.008 A5u$£ <UAS : ^($jj ^AjLSu 

. aS<u aU jb 

.ÛUJJ 12 °G 5 ° <U ûLS JjûA 4 j AujAJjb- ^AJjjj : ^SUjLj 

.(-) lji* - (ijjjJ : ^jjjJ^Lû* 
Jy<U jjj <U AS JjLSLw (^jji- <U ^AjIjjj AjIj. jUuUjLS (^Lwb ^u Aj uJjjjjai $ <UAA : ^jaûIjjj 

.ûjjSjj 

. AJJjjAS (jJJjJjAJ (^AS^S aS « J( —) JJjJJ^J JJJ * jj^çldSAJAJ ^J^uû 
IjjjSjb (^JjAjAJ bjjjAA . uubLu j ûubljS Djj jjjj IJjLSAwjû AujSb jjJaS <U : jjjj 

■ »ji) 

. ûuLLJjjLS jb jJjjlS jj ûjjjSiJ ûLSiJLJ ^jLS jjblJ j ûiujjijjjb LLuLS 
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Sanidine jj:uj<iw 


(K,N)AlSi030s : jj*J>i>b 

n« = 1.517-1.520 np = 1.523-1.50 n y 
=1.524-1.526 


2v =0-12°; optic sign.(-) 

. jLulj: 4S jnllSjujp JaIaJ JjjIjAjAj ûjjASjJjjJ JL .ûjjjuj : bSjjj 

. ÛJjASjJjJJ IJJji^S jjJ^J jAlf&Jtl i£s$şJh Al uLS ;J4Jji) jJJJSm : sjaûi 
. ûuj4SjJjjj ûljjJUÎS ûlS (iAJjij i aSUjj ûljj ^IjJLÛ : jJjÖJiu 
jjjjjliûi Jû sjÎSjjaj ^jjAjLSLS tJASLjSjU ) ,*JmiiUjlJ<Û4S4J <ll ^jû : jljuJ 

.( iXUûjjIjjjaS 

(jSri.u-a j (jjjjmpldSJJAJ ^j-Sjjj n y - na = 0.007 j»4û : ^ÛIjjJ js$<sj\£mu 

. Û4JAL) AJ Jjb cr çSiûiJLl]i' 

jjjjj Jj jA_wAJ j jjimiM jAÛjJ . ‘**<^*J A 5 'AJdiljd jU ÛJJUJlA <LUjJÛ ûLS &dJj£) : ^jSjjLj 
. dSjiJtJ jjj ^jjjjjjû ^<UujS JSÛa.~ .( JbjjjjJÛ jjj sJjAşjAb ) jj Ju jûjujJ Ûljjlû ^jjjIjÛu 
uAiSij jjj i JjLSLw ^jbljjj jjlj. ûjujj jUmJjLS jUb ^ Jj i JjAJte ÛLS jjj : a J4iljiJ 

. ( Polysynthetic ) ûjujj Uli& jj<u- jsjlu <U 
. 4Sji ju jjj (jJsjs^sj ijsJdijS (-) (yJSjsjAs jjj : jjj^ IjlSjj4j jsjAÛi 
i JiAÛJjSjJLu- ûliJbJ (yJSjSjAJj jJmuijS ijJ3$-) <u jnjlSj mjjj Jj jJJJÛJiui: j^jjAmL jjJjLjJ 

. lilmjlSîuijîj JaSjJ JjjIjAşAj jjLjj ûiy UjjjAA 
J4 j i ûjIû-IjJ i ûuVjjlj djj ÛUjuibjJ UjLSJLjlSjS 4JjSb jjJjS <U ^JJJJAj jJJJÛJLu: jjjj 
. AJAA Miim iLSJbJjjjJj JLujib jjû jS AJ AS ujjSsj jSIjjJ Ij sJj J &jAA . 


Microcline jj^SjjSjb 

KAlSi308 jj^Ljuu: jiiJjiiL (jbjj 

na= 1.518-1.522 np = 1.522 - 1.526 n Y = 1.525 - 1.530 
2v = 77 °-84 °; optic sign(-) 

. ûjujbJ SjbJÛ jb- djJjJb jj<blj<U liSj<b jdSjj <U jjLjj kSjjjju : iSjjj 
. AtASjjj jlSsjjj jsjlS JjjjJj- ûjjASsjjsj jjj a s jbjliJbb jjjjJj jsjjjdj ûlS jjj : sjjj 

. dJJJiûljb AJ JjbJ i jjjjjjj : jJjÖ4Û 

.sj\SjjştJ pAwlJ jIjAjsS jj«<bLSû j&SJjSyjj AJ jj^JjLSû (j^StjSjb jAa'jJ : jli^J 
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djm \» <L2$P (yjjjpldSAjAJ (y&Ûj Ily - Ila =0.007 <L4S : ^jljjt ^JjdjLSlu 

. IJlSaj JLj Ai ^jlw 

. LLUJJ 50 °jj 15 °j\jjjjj ^SjjLj j djV : ^SjjLj 

. (- ) - JjjjJ : ^jjjj^UlA 

Jiij ujjAStJjtJ jj^Lu jîSAJ j4j 41 (£4ly!jb ^jJ <J j jjj LÛ4£ Jjj? Jj ÛJjJLdiJ : ^JdiljjJ 

. djlJJ jruy<J- 

Perthite )ÛjUjl) <u «j|j ,»<û ûjj ûujjj \Juu^SjjSjL» jlû AJ ujLJ<û dljLS: jjj54j4l 

. wJji*yljjJ ( 

çjjjgtJiSAJAJ i£ijJÛt ûtjjAjJtAPtj ijuliiJ jjj {yJdjljjJ i£tjJujAuJJ : jjj^tJSAJAJ ^tjjû 

■ 

Jijjû <U ^AidûljjJ <LS iJtjAJ tjJjUjSti Ljj- jûJSjujjj Ai jjySjjSjiu : jjjjdSLi?- ipJjbJ 

. LUJ«: 15 ° ^4Sjjj JS ^SjjLj ^JLwjS ^ij<U JjdÎJjSjJb*- uJLJAj <U U«jj<U. <UlJjUy<U- 

. <U44 !J jiub j ujLIuu j ÛJljijS a jLSiJj<U jb JJ jjySjjSuit : jj^J 


Plagioclase group jûdSju?-5b tfdjjujS 

Albite ûjlJaj 
** * 

An% 0-10 jjjjjjjjj tyûjj 

n« = 1.527 - 1.533 np = 1.531- 1.537 n Y = 1.538 -1.542 
2v =77 0 - 82 0 ;opt.(+) 

. USj4j ^aSjJ <U jjb: Jjjjlj : iSjtj 

jLÛ <U . ûjjdSiJjjJ ijjdS Sjjjli dtj (jAASAijjj ijbJ Ij<U?-<U 4£jU JU ûjUJJj : jjlw 

. ûjj^UjJ ULiJ^SjjSjb 
. Jjbj jl^- jjj IJ<U*yljU ûl<U4J |»<f<U JjJjAl U%uy<U : jJjÖAu 

. tjiSjiU |»4uJajIJ<Û aS jtjA jLS*y ^ iSljSj b Jj ^tjAi^JJ ( £JSJjSjLAjAa'jJ : jl^ijU 
U tj <LS<U 4Û ^LS ^JjJj yû^QS^UAJ (jSiij ny - na =0.009* jjjjj : ^jljjj JtjAilSu 

■ ^9 ^jj4j 
. ÛjJtJ 25 °G 5 0 S*Sijj ijSjjlû SAujS : ^SjjLj 

. ûjjjjJti ûûjjj JÛ<U- stjlu Ai : yJAiljjJ 
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. ijjdS ( + ) ^jiijijdjjji î jj^ÇlJlSAj4j t£j£UÛ 

JijjjlSJi iyilSASJjSjLb JLS a ‘- JltejS JjLJ- L$j&3 ûjLJjJ : j^jjJlSLj- ^jJjLjj 

.(WAJlJAjJiS <U jjLS#6j jb jbuSJU 
^jl^Juu djj JbJb ijbLSjjljjS jjJaS jb <U Lajjjju* JbJb Ij wjûLSlj j uubljl jb<U: jjjj 

. lmu £ jJjS 


Oligoclase 

An % 10-30 ^j^lw: jjjJjjjb <j*jjj 

na= 1.533 - 1.543 np = 1.537- 1.548 n Y = 1.542-1.531 
2 v = 82° - 90°; optic sign (+) or (-) 

. USjAj jASjJ <U Jjbj Jjijli : <Sbjj 
. LaJjJ jjjli j j!j4Jb* ^ljAJ j db j Lbj ^jj+b ^jjlw<b : jjiw 
. <bAA ^jjjÖAû ^^iiwljb AJ j!ib jjSjU^aS : jJjÖAw 
. 4&Jjj jjj |»<L*b<LJb<UAS ^jjGLSw ^^SUjSjb AJ ^jjAjLSUû ^^SUjSjb 4 ^jJ : jljb 
<lj ijjM jb ifuJjjljj- ^jjj^-USjjjj ^jjj n Y - na = 0.008 4 ji^ij: ^iljjj ^ijjjiSu 

. 

. 12 ^jSLj 0 jliiid ^Sbjlb : ^SbjLu 
. 4 jAA UjjLUJj 4J i£ijdj Jlij : ^iJjijji 

° ) AJaSjLuJ jLj 4 JJjJ<lS ijJijijijj 4 ( - ) jLj( + ) dJijijdjjji : j^Jp jSajAJ jJWuû 

. (2v=90 

Aj Ujjj4A 4 j jUji ^<LuJ<blJ<(jAS Jj jj^<bLS« ^4 SJ$SjLA uGjjj : jjjjASLu^ ^jJjLjj 

.jj<Lu uubjj IJj<lS<Lu5jjG 

wjbbuu 4J UjjjJb LuVjjlj 4 wJbljS djj UjLS<LJjSb Jji4S <U JjLÎJ jjj jwlSjSaljj : jjjJ 

. wijuuJJJ IJÛLSjjljjS Jjb4S <U (jJASAj. ÛJb-ljJ j 

Andesine jwjJbib 

An% 30-50 ^jiLw: j^jjj^^b <jûjj 

n«= 1.543 -1.554 np = 1.548 -1.558 n Y = 1.551 - 1.562 
2 v =76 °-90 °;optic sign (+) or (-) 
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. \jSjaj ^Sju 41 £)Jj*j : tiiijj 
. 4J44 jjjjU j ^Ij4jL) j ^1^44 y^ji+U ^J^uûAJ : J^xS 
. 4)44 jl^Lu- yjjiCiu/ljLj JÛ4|’ 4J : jj jlSAS 
. JjJJjjA^ |»4rtJ4jlJ4i4S 4j jjJ^JjLSu ^ iSlşZş L4 ^mÊJJJ p'jj : jli>d 

jLu <yuJw^'JP' ji>pl4S4J4J c^JJj 4jjj j44 ny - na = 0.008 : jujjj : ,jjljjJ ^JÛliLw 

. Ub4j4lj 4J jjXu 

. 27.5 °jj 13 ° jliijAJ <^u>G jjjj)ji4S: w%>Lj 

. 4j 4A IJujLJAj 4J ^o^Jj JJji : ^j)4ilii) 
. Jj^JlS J)j)i4J i£AêS j Ê ^jjjjJ JdÊdJ ( - ) jb( + ) 4JJjJi4U iiJ : jii^US4J4J (£)i>JS 
. i£4S4uSujG (£4ujS 4 j j3<öjj£jjLu- jJ ^iLSjib- 4J jrwujjjj : j^jjASLu- ^JJjbJ 
. ûjUuJjJj i ûuVjjlj ^JUjGAj jLS4x)jSb jjIaS 41 Ji5b : jiiJ 

Labradorite ûuljjjjjjV 

An% 50-70 y^jiLui: jiijjiiij <j«jjj 

n« = 1.554-1.564 np = 1.558-1.569 n Y = 1.562- 1.573 
2v = 76 °- 90 °; optic sign(+) 

.4)44 ^Jib £$L>- jb- jjj .I4SJ4J ^4 SjJ 41 IdlUJji jJj 41 Jujjju : ^jjj 
. 4)44 IJiijÛJ jjl^4J b iili4J y^jiiU ^Jilw 41: Jilw 
. 4J44 jliLt^ y£4Ûuljb 4Ul4«i>S 4J : jJj042 
. JjUJji 4 S |»4u14jIj4j 4S ^4 41 |»5f4J( î»jj : jli>d 
4S4J4L) jL) 4Liiy.u4lj^- jii^)4S4J4J ^Sujj Hy - n« =0.008 «jû^i) : ^j'ii^ jJ^4jLSS 


. 4JtJ 39° iSG 27.5° jliji 41 (^SujG ^jS jJjJJji4S : (,5ujLj 

. 4JlJÛjLJ4j 41 dJi : tfdjljji 
■ JjijjdS yJJjJi^j y^42 i S. ( + ) yJJjJi^JiiJ : jii^US4j4j y^JişUÛ 

. JiJujjSjLçj- Ji^uSjjG y£4ujS )ij4 4 j ÛJjjliÛJJ : j^jjJSLu- ^jJjLjj 
4)44 IjjjjG jçjuljj ijjJll i ÛJjlu i ûubljSi4J dJi liiLS4;UjSb Jj44S 41 jjj4l: jjjJ 

. 4J44 Ii ) iTh iGjjljjl Jji4S 4j djjj44« 

Bytownite ûubjûjlu 
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An% 70-90 <j*jjj 

na =1.564-1.578 np =1.569-1.579 n Y =1.573-1.585 
2v=79 °-88°;optic sign(-) 

. liijAJ (J4SjJ4l : Jjjj 

. 4jAA I Jjjju) jlj<Ub jIjAJ jjj!$lJ ^JjS 4J : jjuS 
. 4J4A IJjLu jljU? ^JjJiLuljLj 4i4£4J : jJjOJLw 
.JjUjjAJ |»4U4)l)4j4S 4J ^Jj JjUS jjJSliSjU . jj.L))«b j»Lj : jljul 

^uit 0 ,iii jjAlip' ^jjjufiuSjju 4 Sjjj n Y - na =0.009-0.012 <jû$u : 0 iijjJ S)j4iLS« 

. 4S4J AIj ^LS (JJjjj jb 
. 4 jU 51 ° >SU 39 0 jl^u aJ ^SjjLj ^<ûjS jjjjjjj^S: ^SjjLu 

. 4j4A UÛjUJJJ 4J UJ)j : (£4iljj) 
. 4JJjj4S jjj ^JjJ^AJ (^ASjSt ( — ) Jj)j4)jjJ: j33% US4J4J jj)4.tS 
. jjJiUjuLjjJ jjJUSjjU i£tdû$Ê : tjtjdS LiU* (JjJjL)) 
. JJJU UlJjlJ jb ûjUjujjjjj jjjjll Ujj jLSjjidS <U CjbjJub : jjjj 

Anorthite ûjUjjjjj 

An% 90-100 ji^jiiL 

na =1.573-1.577 np =1.579-1.585 n Y =1.585-1.590 
2v=77°-79°;optic sign (-) 

. uSijju) : lSjjj 

. 4j4A IJjjjuJ jlj4)b$jj jjjji) 4^jb 0 )j»uS)l : jjuS 
. 4J44 jljbj’ 0 S4J4lwljb JJ&P&t : jJjÖAw 
. JjijjjjJ |»4UJ AjI JJj<(S dJ bb»4S n« 4jjj : j($»j 

^yuiit ^ijji^lJSjju ^Sjjj n Y - n« =0.012-0.013 ij^L: 0 iljjj .jjjAlLSau 

. aSjj 4Ij i^Jjjj jb 

. 4jIj 70° jj 51 ° j\£> <U (jSjjU ^ASjS jJjJJjj^S : ^Sjjlb 

. UUJbjjj 41 djj : ^JAiljjJ 
. )j $aS (jJtjtşAJ jj4S$S J 4 S 4 I ( -) tjtjAJjjt : jj^lUSJjJj (£j$jS 
.jjAûjjSjJb? jjJuSjjG 0 <ûjS : jjjjASU? ^JJjbJ 
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^iLSjjljjS »jld£ 4JjL>-jjj 4( jwiSju?-}b ^jJ ^ilSjjj*- jSLÛ »jilû jwdS wjLwjjidi : j^jj 

. Ij^jjjjj AÛjjAA Jj Gjjj4A ÛjjJUjii IJ »j L«j4S i£j&dj 

Leucite ûjL>: 

( JpLuuJÛ 600°C i£jjAui4l ) JijjjJ jfoibwdu: jjjJjjjLj <jJJjj 
KAl(Si03)2 
n« =1.508 ny =1.509 

. lijjjjj: h&dj 

j<j. AJdA IjVjJjIjj jLj yûLJZ&& iŞöjj, 1 T 1 AJ aS ubJ£ ^IjJjjjj &jjj)J ( £»jjJ2Jj ulS tS&ijjj s 

■ jjjjjjj dJj [£»jlu>Jj jL^ Jjjjjj AS JjIjLu ^i^-jjL ÛLS 
.jjudS |»A«JAjIJ<Û4S 41 ^j^JjLSû iJdSiljSjLA jdjjj : jl^ijJ 

^SijjAJ j»LS JwdiljJJ jLSdJjj »jjji) ny - n« =0.001 <jjl£J jjj : ^iljjJ ^j^AilSuu 

. ûbdl jl liij 1 j^gUS<bJJ 
. 4 jIj Jjj 4w J»jjJ 41 ûLS i£A»jjj : ^SjjLj 
JLS ijîfAJuJ Jjjjjjj JjjJ? JLl JLSJjJLSujG ijLu jiU ûjLujl £>Ljj <jSjjjJjLj : ^JdiljjJ 
(jJLSJLJJjljjJ 600°C j-) ÛJjSj j»jdS LLûLS . JjIj jJ^SjjijL* djj 4J<L dJJdluljLi JiA^-JJ 

. ÛIJJJ WuJJ Al 

.jjljVjjj^ij^USJjJj ^Sijjjjjdujwljjj iJJdSJjjJiiljjJ^jj^ <U : jjjjJSLu-i£jJjLj 
wjLwjJ j ûJjL ûjLu^I djj ÛÛjJlSjJjjj IjjjJJjj jL4J jjjdJ jjj>b djj ûlS ^Jjjjj : jj^J 

. Ijjjj <U UjjjdA ûjVGji 


Nepheline jUdui 

(Na,K)(AL,Si)204 :jj>jjj>Lj tf ^jj 

ns= 1.527 -1.543 n ra = 1.530-1.547 


optic sign (-) 

. &}»jjJ : J.j»j 

. jjjjja ^jûluÛj _j j^Lwdî jL- jjj jLSjjj>b. 4JiL US^aj ^Sdçjji'j i$»jjJSi 41: j^lî 

. wJjdSLjJJ ÛLS A4 ^Lui JiLjjjj : jJijö 4w 

ijûjjJJ diMdS |»îfdJ* fiJwldJlJdidS ^ijJJ^Jû ( £»S}jSjLto Ll iSjjj jjjt iJjj jjj : jl>4 
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(jifl i uAÎhp' i£4S4jjj»p4S4J4j (^ÛOJj ,n(')-ll::=0.003-0.004 ( j»i^U : (jbl^jJ t£j^4jLSL2 

.4S4j4b 

LL|jG , bjlj<\ III J^jjJjJA j_jj 4al !j4_Sjj4jU JJ. jtS4in |£jlj_ll 4aJ 4_Oj4Û : (,5 JjLj 

.ÛJj4^i»Jji»J 

.(- )4jIjjl 7’— ^jijJ jLS4.0<L.çSV AÊjJ : i£4S4ûuI jLj 
-( — )JjjjA*Saj : jjgHaSAbb j»$U 
j »jLSL (jJJ jÖAj jLdSjjjjj j»LfJ lJ . ÛwJ’JJ jLdS j jijjJ dJ jjj jLLjjj : jjjjASLl^ i£jJjLjj 

. JjjjjjJû 

.ûjlijSLjj jb ûuVjjj jj ûjjjSjJ ^jj jLkjjj : jljjS 

l£Jjj44 j ûjLLw jÇLjjj dJJ bjtt 4J jlSj*Û4«4J$JJ JiUjSlJ JjJJlS 4j 4luJjJ4J ^jj^J : jjjj 

. jj|j J_j4SLj !jjjj!*S jjld. ÛjV4jj*a 

Natrolite ûuVjjjlj 

n« Na2AhSi30io.2H20 ^LujjAJ: ji^Jjjib ^jj 

=1.473-1.480 np =1.476-1.482 n Y =1.485-1.493 
optic sign(+) 2 v=60°-63°; 

. I JSj4j JaZjJ 41 Jo ijlii Jjtj 

jj^juû <U 4_S Lj^aLjJjjJ IJ< ^JLLjj )j4_jlj jb JjI.uSjj* ««û jjj^L 4i jb- jjj : juû 

. ÛUjjSjJjJJ <Ljljl$£ JjU- i»4j S^SjJ <ÛLj .LUjLSLoJ (^SyÛJbjj 
. jjjSj^b- ^lSjjj^b ^jjjj ^Jûwljb 4 j ujjLj ûjjLujj : jjjö<L 
.jjlS^ju |»4*J4j!j4j 4S 41 ^jjLSL ^4Sl^Sjb, 4.0 JÛj jb ,»b : jI^l! 

AILuLjJ jj^liSjJJb^Sijj jjjjjjjj lly - 11(7 =0.012-0.01 3 .jL^Lj : ^jljji ^JjAiLSu 

.d4j4b ^Gjûjj jb jjjj 
. IjaSjJ 4ib 41 454J jj^, I JjJjJ jJjJ 41 4jJj4j : ^Sujlû 
.( - )»ji? sjjjJ 4uu4A (jilSjj^b : ^4S4ûuljb 
^SjljuO j4_j4l ûij4_SjJ ûluJJ 0 iji_^’liS4J4J ^J^juu jljl4-Jjjj : ji>oH4S4J4J 

.^LSjjj^b 

. ^4S4luljb jAiLLû ^j44J jj4ÛJjSjjLu- ûjbjnnin 41 : j^jj^SLxj- ^JJjLjj 
Ljj ÛlLjLujJ lJLÛLS4JjSb Jji4i jLÛ ^Lwjj jLÛ 4J, 4uçSjj4ub ^SjjLû- ûuVjjûb : jjjj 

.ûJjb 
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( Pyroxene group)jwSjjjb ^jjjS 


(Orthopyroxenes) jwSjjjb j«jjj -1 
Enstatitet Culjjjjj > ûjGG«û.û 
M gSi03 

n« = 1.650-1.665 np = 1.653-1.670 n Y =1.558-1.674 
2v= 58°-80°; optic sign (+) 

.Jjtjll : J,jtj 

AS Jjjj (yi&tjLj j4J4J. uUjnwljdJ ^iSûijUiJiJj iS ijjŞ&P jjj+b ^tjjJj 4J: tçjjj 

.ûj>wljjj( Schiller structure)jitUw ^jjjLgu Aj 

tmi ( 88°&92° ) j&AJ j4_u tmi jjjjOmUiAJ &Sjjj 4j 42 4J4A ^jjjÖAu AlwJj 33J : jJjÖAû 

.JStjjjh JjjjJ Aj 4jJj 4J 4S Jjbi 4lwJJ b<u Lj<U b<^jJ jjjjj 
. JjJjjJj |»<L*J<LJli<Û4S <U j4Sj^<Ûlûû jSJSJjS^G 4S « jjU : jl^b 

<iuajjj(jj^QSAjAj( jSjjj jjjûjjjj. n Y - n« =0.008-0.009,j^b: i£jj4jlSw 

. ÛJ<U 4Û y^JjJj AJ 
AJ <ÛJj4J : ^SjjLj 
. ûjjtStijti jJbSjJ Jjjjj : <jJ4jljJi 
. ( + ) j^b— ^jjjj jjj^ 4) CjGQ«yLû ^iLSjj^û : ^4S4lwljLj 
. JJtjjdÊ jt JJtjL) j*U (jJtjtjJJ i£A,mjS .( + ) (jJtjtjJJ jji : jj>çUS<Û4J i£tjjJHi 

Jjj ( jljj^ *ljjj) ftjjjjSjjJj jjjjjtmj JutjJjjjStiLu? jj-wj4uL4 <U : jjjj^SLjU- ^jJjbJ 

. ^4S4.uSjjG 4J tjJjjjStiLj- jV ^iwSjjjb 

ûjj^bjj (Bastite )CuLGb <u jLuljJ ^4 j<û 4S ûjljjSwu^j jj ûjjjSjj ûG jjj: jljjS 

. lJLûwSjjj4J (^Jj4J U Gj^j4A UjG4ûjU <UJjjb JjU4S 4J ijjjJJ 4J ûjjwbjj : jjJJ 


Hyperthene jwj4ijU 

(Mg,Fe)Si03 uJAbjJAl tjjjijjjb ^jj 

n« =1.673 -1.715 np =1.678-1.728 n Y =1.683-1.731 
2 v= 63°-90°;optic sign (-) 
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j-i 'JLS tfjjdmu <L2 ûûj j&ti J&ij- QSi4Û iS^j U <U jb JI2 ju i2jjjb : i2j«j 

. ûLSjj ûwjjJ jJlLû ^jjûl^SoJ jjjjj ^jjjijLi JjLi- . JLS 
. JjAûjS j!j£ ,J<2jJ4jU . ûijjj IjjIjAj Lj jjj iSj)jjii ^jjiî Ji Jj«j<LjLA : Jjiî 
.jjjjMM jîSj JjAuAljfJ dMuiijji jAÊAjj. ÛJjjjJJJJÛuJJ ûAJ ûLSjjj : jJjÖ4î 

• JjJjjAj |»<U4J<Ujj<ûJ.S Jj jjj<Ljbî jdSJjSjLA . JjjJ j : j(j»U 
<U Ajcwjjj j^lûSJUJb ^Sujj jjjûjjAj ny - na =0.01-0.016« jjl^u: a i($jj iiJj<ULSÛ 

■û4J <Uj 2jJ>“ û Jj«j 

. 4.Uj<LJ !.LuLS<2jJ ^AJjij ^ : ^Sjjlû 
.( + ) _jL?— (ijjjJ Jj AxlUjJ j<LS<LJJ jÖ4m ^AlwljLj : j<LS<U«djb 
. Jji<2 (jJijijiL ŞAJûjÊ JaSaJ« ( - ) ijijAJjji : IJLS4J4J £tjjJZ 

. JjLjj <jS<LUJU<UJ <LuG jljjS iljjj ^jjjj : jjjjASL-u- ^jJjLjj 
J jjjL2 jl>_wj<Lub j ÛJljjJ ÛJjj. iLA/i ItLjLSjjjjSb Jji<L2 Jb Û U JL) J A AJ j’Uuj<Lub : jjjJ 
(Charnockite) ûulSjjjL^ <lj ûûjLû j<LÛjbijS j<uU. ûjU-jûxû jJLÛ<LA 

ûjj^iIûjj 

( Clinopyroxenes) (ju2jjjbjjj}IS-2 
Diopside jjUjljij 

CaC(Mg,Fe)(Si03)2 Sj%aj :jjj»jjjb ^jjj 

na =1.650-1.698 np =1.657-1.706 n Y =1.681-1.727 
optic sign(+) 2 v=58°-60°; 

. IjSj<û .i^Sjj <U jiij (jSjjjiui jj Jb jjjAui t&Jijxi : iSujj 

Vjli^ ^JlSjSjJ JLÛb . jijjŞÇmi <LS ÛJjÛUJJ !jj($4Ûbjjj jj^fU <U LUbiU jjlJ : jjlw 

4jV ûî<LA jb 

. jdSjj ûwjjj 93° i 87° (ÛLS^îjS 4S ûûjûujjxLûljb jjj <u: jj jöaS 

.ijSijjJj î»<L«J <LJIJ<U<LS Jj (ijj4jb«î j<LSJ$S«Û « JjjJj : jljib 

JLÛLSjJ jjjiJ'!jS<U<LJ ^Jj jjjjjjjj ny - na =0.029-0.031« jjû<u : ^iljjj (iJjJLiLSw 

. Jji 4U ^JjJjAu (jîAJ 
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j!j_U <U C ) ^JjJ$4û 4J uJjAJ 4S ^JJlijJ j4J ^JjLÛ ^^wjS jJjJJj^Jil: ^SjjLj 

t£4iuii!jb J<lSaJ 4_<S4J jj$~? Şdl niiiljU 4.-> ^JjLÛ IJ4_SjJ 4ÛU 4u . ûuçJJJ 44° j-J 37 ° 

. IJJJjÖ4u 

.( + ) jlj' ^jJjJ 4j!j ^lû- ^jSuoJ 4J 4 jJj4j ^S4JjJjJ t£4iuiljb : i£4S4iuiljLi 
.( Polysynthetic twinning ) ûjjûujj jjj jjj t £jj*-jb'di4i4A: ^j^iljjj 

. 4JJjj4S ^JJjJJ^J .( - ) jjjj4JjjJ : jj$£ IUS4J4J ^J^xS 

J4J4J. jwjj ^jj4jLiu i£4SjJSjL& ^Ji^J 4J jjûujSjjLu- ûuLSjJJLA 4J : jjjj^SLjU- ^JJjbJ 
. jjiSjjLj jjjjjjj4S i$4S4jSjjLÛ ^4ujl uJliai. jjj4S ^jjjj^j ^4wjS <^$$J4J IJLjV^aJjJ 

. ûjVfuS^j — ÛjVj«J jj jj uJjjSjj ûLS jjj : jljjS 

J ûuUjlS J4^4J. jjlj^U tf Jj4^ 4u 4Û ILÛLS J_^Ij^S JjJ4Û 4Û ^jj«4J 4u uJjuuÛJJ : j^JU 
. 4J44 IJÛLSjjIjjS Jji4S ^4J44 _j ÛiiijiTi j jujLi ^jLSj j44S 4J. 4J4& lJLJÛj)7mîj 

Augite ûuLSjjj 

Ca(Mg,Fe)(Si03)2((Al,Fe)203)x iSj^4j : ji*fjiib ^jj 

n« =1.688 -1.712 np =1.701-1.717 n y = 1.713-1.737 
2v= 58°-62°; optic sign (+) 

yjljjJ jlu^ :^JÛ44 .IJLSi4J ^4SjJ 4J JLS iSjbjj>w (jS<LJJiÛ jb JLS ^Jjjj.iSjjjû : ûjjj 

• UJjSjJ jJ 4J bSjjj 

ÛoJJJ V ûw4S jbV jl^ç Ij<lSjJ 4jb 4) 4S uJjÛojJ US^ju ^j^Ij ^j^iw 4) : J^iw 

93° j 87° ^jLS4wjS « jiiiiw £*S4J j4w4J ^Sjjj 4J 4S ûjjÛujj 4iw!jb jjJ 4J : jJjÖ4û 

. ûjjiuJJ jJjÖ4w <L<uJJ 414J iJjSjJ jjjjJ 4) «j4SjJ ûuijjJ 
. JjJJjj 4S |»<LJ<UlJ4i4S ^4 4i ^Jj4jÛiW ^4SîjSjL4 » jj4J : jli»J 

jj|f^l4S4J4J <^jjj jjjjjj4u ny - na = 0.021-0.025 < ^JLjjjb j»U : ^jljjj i£jj4jliu 
.4S4J 4b yjjj^USJj^J ^Jj ( 001 ) £$jj4J uJj<U ^JiSjJ. jjjJ <U: a L«ljJjb ^jji 
4jjb djjj44. ÛUJJ 45° Û 36° jljii4l !J4SjJ JjJjJ 4J ^SUjLÛ ^4wjS jJjÛJjj^S : ^SUjLj 

. ÛUjj jLwaj ( Hourglass structure) ^j^iw 
. (-) 4Jlji^ - ^jjjJ ûlS iS^Jjjj : ^4S4iuiljLi 
i ^>bJ«4 >J>JjjJj jbj- dj4Û44 . 4J4A iJUbJ ^Luib oJ4j!jjJ : ^J^iljjJ 

. ûjjnLujj ( Herring bone \£iiûL$5ij 
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. 6Jijj6,% JJjJJJljLj (jJtjtj6j ( + ) ijtjtÛjjjt i jjj^ IJlS4J4J 

IJjUaJjjlj <U ^Jjtj . 2JLuujili <)J tfijdjij&U? &&A?tj jL?- ilJdjiU : tjtj6SLg i£>JjlJJ 

. iiÛLS 

Jjjj^ tj .bUlU ^jIjj ^b^'j 62 Jj6jjQ 6j Jjlûjjl jj ûjjjftijL? JJjjj 6J> i jljjl 

. ûliti û*jji £t$j2 ^tj6,u Lj JjSijÛL&i, j j ÛJ%j*ijJ jû 



UÛj'itjjljS j jti JLÛ 6J Jjji»6Û ^SJJtyJjJj. ÛJLmJJJ6J juSjjJÛ j ÛJÛjjJjtJ j ÛJlijj^J 

. ÛJjjjJii 


Hedenbergite ÛjlSjjjjj 

Ca(Fe,Mg)(Si03)2 &%6j : ji*>ji>b ^jj 

na= 1.732-1.739 np= 1.737-1.745 n Y = 1.751-1.757 
2v = 60°; optic sign (+). 

. I JiJ 6J ^6SjJ 62 Jj«jjJ : &iij 

.( Columnar aggregates) ûjjjjja ijlû^Lu ^6jt^jS jtjlu 62 : t$lu 
. j6Sti ûujji 93° j 87° i£6ujS . ûijjjJii IJ<U*uljLi jji 6j : j ijjjju 
.tjjjjj6j J<ÛJiS )jl 62 ( £tj6j\Sjj ( £6S2jSjLto « jjJj jjj : jl$»kl 

j^ ijŞjjjj y^jjj jjjûjj6j n Y - na = 0.018-0.019« ^jjjjlj : a ii $$i jtşûLSu 

. 6S6j 6jj )ji6jj$6jij62 6 jjjJjJ 

■ 42° IjjS>j jjjjj 62 iySjjlû liJûjl: ^SjjLj 

.(- iJjUljj^-^jjjJ ^JiwljLj : ^JSjImIjLj 
. ( + ) tjtj6jjji : jj^USJjJj jt^ju 

£6S2jS$Lb fjJtjjJÛ $ jjj6u 6u ij6ÛLij2tiLf ûulSjj j ]^L*ujjlJ AJ : ijijJSLu- tftijLti 

. t£6Stj6jSJj 


Wollastonite ûuli>LJi 

CaSi 03 Sjyixu : jjj2jjjL) tyûjj 

na= 1.620 np= 1.632 n Y = 1.634 
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2v=39°; optic sign (-) 

. IJ&4J ^JiSjJ <Ll ÛJj&ij JJ ySUjjuJ : <SUjj 
. ^O^in^V <UlJ . ÛJjdStijti I JUAa$£ jb ^jbub ^SŞAui Jj : ^SŞAui 

. ^(j4ub jj ^IjAj j jlj<û jUSjJLub tj&z, dJUJCLuljlj Jjte <u : jjjjJAw 

. Sjjjjtj pSuûSj\sJjj£ U& Ai <L)bJy i£S&ij £$LJ , SjjAj : jl^ijJ 

<U JuluJjJ jjjS^IJ&^JtiS i^JSj jJjû'jjSuJ lly - na =0.014 * <L«jj : ^JljJJ i^JULSLu 

. S&4J AU j<tS<tSjJ SjJjJ . d<U 4U ^GjÛjJ 
. lJ<tSjj <ûu <U djV ^SUjlu. ijftSjj jjJjJ <U JLUjJj : ^SUjLU 
. uJu (-) jb (+) JjjUIj <U : & 4 SaZuiIjLs 
. ÛJjJLysijL? Jjjj<t£ : U J<ÛI^J 
. JLuJLjjjb ,»b fjJtjtjdû &ASj£ (— ) SjSjAjjjS : jj^çlJ(SU4J &sjxûi 
ûjjuuLits jijij? ^SjjG £SÛij£ ûsyju jû . uy£jj ujbjxuJ^ <Ujb-jjj : jjjjASLx?- ^JJjbJ 

.^JmÛjAS ^jjjÖ<û ^+uyJJ <U 


( Amphibole group ) jjui«<U i£4i<u$S 

( Orthoamphiboles) JjuûaJjjuijjj -1 


Anthophylite ûj%ûj^j<û 

(Mg,Fe)7(0H)2(Si40n)2 

n« = 1.598-1.652 np = 1.615-1.662 n Y = 1.623-1.676 
2v= 70°-90°; optic sign (+) 

. uUUjjj <SUjj yjljjS JUAjljU 4S , UtSjJÛ ^aSjj <tJ Uujjj jb (jSoSjjj jb <SUjjUj : JUjj 

jujUûj^UJj jijbj ^jSJjsjIu aS <Luj<LuIû ^<ujS jb jjjjj ^tejjj ^sLSsjjii : j^lw 

j jjbj j£«j ^jLSu , jûjbJJlSuJ 124° j 56 ° ^jLSUyjS <tS . <U<b <U*yljb jjJ <U : jjjÖAû 

■ 

.JjUjj 4J i»4<<J4JJJ4j4S 4j jjj JjJÛlSb ^aSJjS^LA , SjjSJ : jljd 
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41 ‘tuLjj J&ij ny - n« = 0.016-0.025 ^L«: 

■ jji 4ij (^JJJjl^ (jiûdj 

. I jjijyjiû $iûu Ij Lj JiÊ&l 4i Ş j£AjJ$$P lid&jii JjL 4j, AjJjiJ liiSjJ tjJjl dl * ^&jL3 

.( + )j_$G - ( SjJjJ : (£4S4ûuiljb 
. dJijjd^ ^yJijijAJ (£Ji2ij& <( + ) iji^Jjjji : jj^s^lJSAJAi ^i^jLÛ 
4S JJijJJ {>i[Jj lu ?ii ûjyjJuuSAJ— ÛjVjuJjJ Jj ÛjyujjujJJ : ijijiSLg ^jjjb: 

. JuJjJÛ i$JiJjŞjj\û 

<U JuuSijAu ^JjjÛLfia UjuujJÎi JJ Jlij ^ilStşljjS tjliS Jj tJ, j<UJ<UJÛ ÛjyjjjuûJJ i jjjj 

ItaLi/^byfaLUil^U 


( Tremolite-Actinolite ) ûj^jJuuSij - ûŞXjjjjû 

Ca2(Mg,Fe)5(0H)2(Si40i 1)2 &%jj j jj*>ji>b ^ûjj 

n«= 1.6-1.628 np =1.613-1.644 n Y = 1.625-1.655 
2v= 79°-85°; optic sign (-) 

. &i&to (jAJS jSljljjZ Jj tj, <UL S jSjjjAui ûjVjJuuSdj ^Jj , JjijJJ i Jjij 

jj&jjlû iSijjjj St}Jj}$iJ 41 jb Jj&l IjAuoSV Sj3$û 6jJjj ^jS^çjjJ 41: tjjû 

. LUiii (gjJjjjjJl JijJi M JJ&jJjjL . 

, jJmSti ûuoji 124° j 56° ^iL SdJijS 4) jjja (jjijjjJiû dûuti$$i jjj Jj i jijjjjjj 

■ûjjJJii Parting )j$$i û<U <u<Ljlj<U 
pi,Ml4'iliijd& <U< Si^JjlSiii ,jjij : jljul 

<jJjjj 4ûlj4S n Y - na = 0.022-0.027 ,jû^iJ j-i jJÛHjû ,»L«: ^JIjjj ji$Jj[SJi 
jLSijj<U jJjtj (JlSiJjJ tjûji .jji JJj (jûuljtjlj G tjtjljj- (judi 41 <UluJjJ (JjjfljSijAi 

.tijtj jb ^juu ^4 SjJ 4ib i»Sf4J uUiJ 
uJj4b jLj- 4JjjLJ44. LULiti 20° j-i 10° !J4ijJ tjjji 41 ^Sjjlû ^4 ujS jJjJjj4J : ^Sjjlû 

. 4S4J j^ jJjJ 4ib . ûliti 
.( + ) tjlS - ^jjjJ iJISJjJ tjjji t ^4S4luljb 
■jjjjjj &J4& 41 ÛJjlJJJ jb- jjj : <jJ4il4jJ 
Stfyiuû jLj JaSjJ ijJji . imJijjJ jjj SijijJJ j4uiS .( — ) ijijAJjji i jjjr!4S4J4J ^Jjuii 

. ÛIjjj Jib <^jj£I4S4j4j 
. LULj jj ûjjjStijl? :^4i44 : jljjS 
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<U i$yu ûjV>LuS4 u. ,»<lS<U ^<UU <U UiljjS <y“LlS ,iJj<U <U jjLU ûuVjoJjj : jj$j 

juu_SJjjU iJljLSJJjilJ jjÛ4_S AJ LAjjjJlA. IJdL» uTi UUÛ LAj^jAA IjjjAw <juii!!i j jjLSU 

.JjJÖJjijJ 


( Green hornblende)( jj<u ^jULjjjA > JûiûjjA 

Ca2(Mg,Fe,Al)5(0H)2((Si,Al)40n)2 &}IS<b ^jj 

n« =1.614-1.675 np =1.618-1.691 n Y = 1.633-1.701 
(-) 2v=52°-85°; optic sign 

ijjjU jj (yjjJJij jjjU JJ jU Jjjj ijjjU. AiAto tfjjAAJ <j5ai IjjS bSjjj. ^J^G jjjjU : Sjjj 

■ jîP jj ^LS jlji<bi jb. jjj 
jlSijjjb ^jLGjS jL^- jJjJu<U. jJjjjJii yujû IjjSjJ <0L; AJ j jrbSA^^^j ^iLSjjj^b : ijU 

. J5b<U 

. jjaAjJ ULj 124 j56° (^jlSAujS iûJjjjJii &jj\j\j jji <U : jJ jûû 

. JjJJjjAS |»<UJ<UlJ<U<S <U n 4 jj<U : j($»U 
j^ iuS<u<u ^JJ jjjjjjAj n/ - tif/ = 0.019-0 .0264 ^b: ^iljjj ^jjAiLSLw 

jji-£lJSdJJU y-Sijj jjj jaAJU ^SailjjS bSjjj ^jjJjAJAJ ^AJ . j$i 4U ^LyljJjLi <U JlluJjJ 

. ÖUjajjJJlJ J ÛJjjSjJ 

IJ<lSjJ JLjlJ <LÎ . <UU 30 °jj 12 °jl*j<U ^SjjG ^JLujS jJjJijjiS U<lSjJ Jjjjj AJ : ^SjjLj 

. I jjLS<ÛJjö<lu ^jljriîjjiTi JaSjJ 4SJj jjj? 

. ÛJjaaJJJ jLj- jJjjjAA : ^JÛI^J 
. Jji^S (jJijişdJ jUjÊ jjj^J J<)S<U ( — ) ijijJJjji : jjj% IJSJJ 4J i£işjJj 

j jljj-S JJij j ijJijJAJj <Lj jjAÛJjSjjLu- ûuSjj <U JahjjjA : jjjjASLu- ^jjjbj 
jub ^jjjöAa ûuGjjb j»îf<U ûu-jj ûuGjjb <U ^jjjG ^LUiûjjA. ^JjG SAujS jJjÛJjj<S 
i j jbSfXJ ^<lS<uSjjG ^<LgjS ûuV jjjjjj^. ^<lS<Ujj<Lj ju Gjjj<u i (<u*yijb LJuaj ) jjbj 

ijJjjAÛ J (jj\jji l^ijAjiSjj j ijJijjdÊ (jijAjiSjj l£jSjjSj{j 

. iJLajVjaajjG j juLj j ûaau JlU UjjjJb. ljjG<Uj.Sb jjJ<S <U jjj- jjj JU Ji5b jjj : jj$J 
. JJA/b \jj[SijjjAjJ ijJdS Al jhJJU Jj jijG ^JJiSijJ ^tjjJSi 4J UbijjJJb 

Lamprobolite ( <jjjjG ^jjiûjjA ) ûuVjjjjauV 
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Ca,Mg, Fe, Al, Silicates Sj%*J 

n« =1.670-1.672 np =1.683-1.730 n 7 = 1.693-1.76 
2v=64°-80°; optic sign (-) 

. jljjS tijjj. jjÖj j jJjjG « yjjjG jj Jjjj : Jjjj 

. jjjjjjJ ^Lw<L<y <LS <U<U I JjljAJ jjj Sjjj-J (Jjjlw <U : jjJiw 
. j4&J uwjjJ 124° j 56° ^jLS^LwjS AS 4J4A <Uw!jLi jjS AJ : jJjÖ4w 

■ SjjsjjdS f>Aiê Jaj ijjjaS JiJ n «jj^ : jl^ijJ 
^Jjjj <Lb!j<LS n/ - n« = 0.026-0.072« joAJUjjjjujuA <u: ^I^j ^jûjjLSLw 
. ûjjjÊss sjASsjiS ^jsj Sj* aj jLj- jjj j»ÛAj« jLSjjjAj 4b juLSj: ^j^IjSjjaj 

. wuJJJ |j 12° 4J 0 jl^jj J.J, AS^rU jjj ^SjjG JdûjiZ jjjjjjAJ : ^Sjjlû 

.(+) jG- t£jJjJ: i£4S4ûwljb 
. jLSLw ^jAiljjJ ^j^IwAj wUjLjjj jLj’jjj : ^JAjl^J 
.SjjsS (yJSjSjAJ JaSaJ ( - ) SjSjdJ jjS : jjj^ IJLS4J4J i£s$şmi 

tSjlbJm) j Jj jjLi ^JuwjS ySjjŞtJ Juj^JuJjSjjLj- ^jLwb ^LULjjjA <U : jjjjJSLwj- ^jJjLjj 
. JUjj ^jjjLiJiÛ <Lj5Lw<L,w <LS UjSjJJjy <U wuGjjb. ^iljiJ i£j$4iLSw 
LAJjj JA . ! jj<u j ûijb j ÛJlijAJ j ÛJbuJJJAJ dj$ Jj<b I«AjLS<UiLSjS Jjjlb Jji^S <LJ : jjjJ 
^JulûjjA JljjJJuumSjJ <U ^Lb JJ <U uJ^<lSjJjJJ Ij. <LJ<b liiLSjjûwwj JjijS <LJ djjÛAA <U 
ûuW' jJjjJ ijLib e jlS<Libjj juljj <U <LS jj<LjbjJ(S jjli jAi S^Jj <U- ûujJ ûwjjj j«<UjLwb 


Glaucophane jûjSj^S 

Na2Mg3Al2(OH)2(SiOn)2 £$S4 j *• <i!K>J>4 

na= 1.621-1.655 np =1.638-1.664 n Y = 1.633-1.668 
2v = 0-68°; optic sign (-) 

. jjwAAJ yjljjS lijjj. IUSj<û S^Ji <U ^jJMjJjsj jj ji£i : lijjj 
jLu ^Lw<Lw ^jijj <Lib. <Lj<b ULûj^ww SsjJJjjJjS jb dj3JfcJ SjS^J SSjJ^ At: sjjm 

.SjjJjjjjJJ 

. jjjAsJS jj 56° j 124° ^jiUw^S aS « jjja JUuljb ^j aj : jjjÛ34w 

. ^<LuU<U!j<Lj<LS <n « jjjAJ : jljÛJ 
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yjjj^ lly - lla =0.013-0.018* ;J4ijjb jU t ,jjljJJ 

. Jj4J4S4Sjjj (jjiA4J (JjA 4J ÛJjjSjj jL?- JiJjjAA fkîtJb . ^JAujJjjj <U JlluJjJ 
^jLj i£4l>J 4Jb 6° j-J 4° 4Sjjft-J jjj U4l>J JjJjJ Al <^JjG jJjjjjAJ t <^JjLj 


■ ^S4j jjjç 

. j( + ) jG— (JjiJjj ^4lwljb jjjLjjjjlJ t i£4S4luljLj 
.;J4ijjb fkU jj djjftJ yJJjJjAJ ^4ujS ^jjjJ j4i4J ( - ) jjjj4J jjJ t jjjçUS4J4J jjjxu 

.djjftj (jSJjLj j<lûjl J ^JJujG (jijjj t JJJjASU? jJJjbJ 

j ûJjjli J jJj(ji J iblJjSLwjj jji4l uLSjjj. 4U44 IJbJb j umuu ^iLSjji^S jb 4J t jjjj 


. 4J44 UUjbjLLjV J jjiw 


Forsterite( Cjl>uujji )jûJjj 

Mg2Si04 i4jjjj4t t jjjjjjjb ^jj 

n a = 1.635-1.640 np =1.651-1.66 n Y = 1.670-1.68 
2v= 85°-90°; optic sign(+). 

. lJiJ4J jjijJ 4) lijjjjj t lijjj 
. 4J44 IJjlj4jb jjj j jIj4j jjj (JjjjLj ^jj >uû 4J t Jjx2 
. |»4uJ4j|J4j4£ .< 11. jj4J t jljlJ 
4 -luJjJ ^jjj£l4S4j4J ^Sjjj jJjjjj4J ny - na = 0.035-0.04 * jj44J t ^iljjj ^Jj4jliu 

.jjj 4b ^JJJj4w ^24J 41 

. jJj042 j)jlj4iijjiTi 4J L4 jjj44 4jJj4j jlijjjjb ^JJJjJJ ^jIjjJ 4J t ^SJjLj 

.( + ) jL?— ijjjjJ t ^4S4*uljLi 
. Jjj4i ^jjjJj4j ^42jS ^jjj J4l4l ( + ) JjJj4JjjJ 41 4 ll lJ >j t jjjçl4S4J4J (JJjjUÎ 
4J i£4Sjj4jl£u ^4SljSjLA j jj.un.LiS 4» 4J 4j4J4ljJJ ^lûJjj 41 4 LlJ>J t JjJj4SLkJ- jJJjbJ 

J>«4S jJ^LSjjjj- 

. ûjijjLîi4j jj ûjjjSjj t jijjS 

ÛJb jSjiî ÛLS jjj . jjjj ^iuGijijj IJ4^4b 4J 4_S 4J44 iJjljj-S a «4S ^Jj4J jb 411 jjjJ 
. 4J44 I4 ÛjG44 S4« J 4 S 4 I 4 S 4J44 ^«4S4J IJUGjjIjjS JjJ4S jb Jl Gjjj4 A . JJ44 I4Û4S4J 

Fayalite( ûj^jU i jûJjj 

Fe2Si04 * ûiii>ii^ 
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n«= 1.805-1.835 np =1.838-1.877 n y =1.847-1.886 
2v= 47°-54°;optic sign(-) 

. JaJS jjj ^Ji j ^yJjiS , I j£jdj <U JLS ^JjJj £j»jJJ : ^JJj 
. ijjjtJ JjSb Jj^ . Jjl^jjjj ^jjjJb ûjVjj lj iLÛLSJujLujj ^U JJ : Jilw 

.jjljjQlj jIjjCLuIjLj J<UJ,j : JJjÖJlu 
jkAuJjjlj^j^S < n« jjjAJ jjj : jljiil 
. n y - na = 0.042-0.051 * jÛAA j : ^liiJ ^JiAiLSu 

. jJjÖAw ^jl^Jjj^û 4J <LUj4J : ^SjjG 
. ( + ) - iJjJji : ^AS^ÎuljU 

. jUib ^jjj <U uJjÛJjJ jb- djJj<U : u JJ,jl^J 

. ^JUjjU |»Lj (jJtjtjJJ ^JJZi ş S J <(S<U ( — ) tjtjJJjjJ : IJLS4J4J {Jt^xû 

. ijJajjStJLjr ÛJlJLuJjp <U (jJtjt^JJ i$J .wjS ^SiişeJ 4J : j^JjASLxj- ^JJjLjj 
^jULLuujj <U jjSLj. JUJU ijlLwU a jL«U- a jj^J JaZjJ , ûA^Sjj djjjJljG ^SjjL?- : ji^J 

. 4j<U Ij ^jjVjjlj 


Garnet öûijli 


Pyrope Mg3Ah (Si04)3 
Almandite Fe3Al2 (Si04)3 
Spessartite Mn3Ah (Si04)3 
Uvarorite Ca3Cr2 (Si04)3 
Grossularite Ca3Al2 (Si04)3 
Andradite Ca3Fe2 (Si04)3 


UUSujj-ujG tji^jiib^jj 

n= 1.741-1.760 
n= 1.778-1.815 
n= 1.792-1.870 
n= 1.838-1.870 
n= 1.738-1.763 
n= 1.857-1.887 


iJdJjJi 3 - USjAJ ^aSjJ <U iUji<U jj , jjJ jj JLS (piLa . JLS yijiwu. iij tjlt i Jjtj 


■jjjpjj oJLuiÛj jLSjjiibjU- 


jjju yijii_b ^Jiia <U jU. ujjjjJtJ U M ' uûJA jU Mu 4 w jtjjii JJ AS tjljJjjjj yijiiij : Jilû 

. <uLu jjj ( inclusions )^JiU. lajuÎJ ^Jilw «U jU IjV 
. JiSbjjj UŞj i öLijU ^jLSU . UUUJ ^jiij ujUjU- U!jjj<U. LujluUi<Luj : jjjL&Au 

. i<UuJ<UJJ<Û4S < n ,jjj<U jjj : jli^i 


öUjG ijtjJSjJd, ^ jLu&jG<L jaj i ilIj^SjuLujJ.j' ^SUiij jjjJJ ûLS JAJjjj : ^ilii J t£JiAiLSw 

. uûuJijjJ i<(S ^jliiJ ^SjjJiGLSÛw yiji^- öijjjJU ^jASAJj jj i ÖÛJJJ 


95 


. «jbJ JÛllw gyûi mAA j»SÎ4J Jûuuy 4J : 4J4j4£Ll? J44jL}4 

■ ûjljjlS J 3 U jj ÛJjjZ44 : jljjZ 
tyjLiuStj (yjLSjjliLû 4 jJaJ> JJ 4j%j (jSjjU- * jLSjjlj j£ 4 jMS ^LSj^U JJ ASjSdj : jjjj 
^LSj$ljjS 4i}7mJ <U uJljJJLXU j LUljXjAujjI. JJJA IJUjL1u1l)j4u 3 ûjlûjijj' u <U ujjJb. 
4j£&£ jLm i Jb Jj_U ^JJ^IÛi SjJj J ÛJbljJUJU 4j dSjjJP &£ Ujb%U. JJdA 4j6jJj6& JJ 

. ÛJVjjjj jb ujLuu JrUlû Jj^ JUJb iJÛbAujJJUjSb 

^JxUSjJ ^Sujlu- JLS ûulJjjlJjj. JUJb ULÛJljjjl^S j uu_lw j ûuluUSuJ jb JU uJljJbauu 

i£jb^J yjbSj^lj^S <\inm J 4U bjjj JU AjAA IJLubjjS jb 4J ^Sjj<Lyb <jSJjb' bjjt Jaûjb 
ju ) UûLSJuJJU'jb 4^jb jjfuLû jjJJLS <U j^jb ^Sujb- ûuûjLS. ÛUjÛujj jj^ujAS 

.( ^tfJjAJ 


Staurolite ûuVjj^Lu 

2Al2Si05.Fe(0H)2 : ji*)jj>Lj ^jj 

n« =1.736-1.747 np =1.741-1.754 n Y =1.746-1.762 
2v= 80°-88°;optic sign (+) 

^JujjjG ju jjJLJjjjÛj <U ÛUjSjj ^jju jljjS lIjjj . UÛJJÛ ^aSjJ <U *ULS a Sjjjjj : lSûjj 

• 3^M 3 

JÛLj <U LftJjJjAA ûjjS 3 ûljjju çSUjjJ d»3 <UA£ IJjljJÛJij jljIj^b ^J^LU <U 0 IÛS 4J : j>lw 

.ûaJJJ IJJ,SjJ 
. ^iuUuij^jdS < n , )j<u : jl^U 
. ûbjûub ^jLwbu : jJjöAU 
. ûuVjjjLu <U jjlj ^Sujju ^j^u jjjSb ûlu^Sujb ^SlUj^ulU jûjl^S ^ij-j^b : jLSJûj-j^Lj 
jl-lujjj jjjgbS<u<u tySjjj jjjjjj<u n Y - na = 0.010-0.015 ijj&Ji ^i^j^jûLSu 

. ÛJ<U4b ^jjifw □ J<U AU ^Jjjj JU 
. j£JjJ33? 'JaSjJ <ûb U , JjjjJj I+uLSjSjJ ^AJjjj A2 : ^SjjLj 
. j( + ) ^b-— (^jjjj yjlSjjj^J : ^<(S<b*yljLj 

<u jjj IjlSjjû ^aJjj aU ^jaûIjjj. j$SLj ( Penetration Ijjb <u ^jAil^j: u j<ûi^j 

. ÛUjÛujJ j<uSjJ 

. Jj4j3 <lS j jj ^jJJjjjAj 4S ( + ) JjJjAj 33 J * jii£luS4j AJ ^jjpUÛ 
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. jrûVjjjLLw Lc- (iJJjbJ jûjliS (jjSişli $ jljjS Jjjj j ^aSaSjjj : jjjjASL?- (iJJjLu 

^LSjjli-. 4JAJ ULuub _j ûu%d j Cuom (jjLSjjlj^S JjJJLS <U jj^JLS SjHi djj : jj^j 
ijjjj-l- jjjl^U ^ljjjJLu jJjJuua iLljVjjjLLw jJuSu »ji lSjj ûjLLmLw j ûubbS j ûûjjLS 
JL^jb »$jj.uuj JjJjlS <U. »$jj.uuj ^SjjJjlS ^jAûcşûj JjIaS aS ûÛUjlmjj jjAj ûuîfjjiLu 

. jjjAj Ujj »$ 5b lûLS+uA^jb 


Sphene (jûm 

CaTiSiOs jjilSjj: jiiJji>b ^jj 

na= 1.887-1.913 np =1.894-1.921 n Y = 1.979-2.054 
2 v= 23°-50°; optic sign (+) 

. ûjjûjjj jljjS ûjjjjb- Jjjj<u * USjjû ^jSjJ U ûjjju : Ûjjj 

<U jU IjJlSjJ aJL. jJ ûjjûjjj j_u ^jlujS ûi'idJiij ^Ji>9 i£Ji-u U ûLS ^Jbjjj *. Jifw 

. LUi iSjjb jU^Sjjj (iJiiw 

jj.Jj JjliU^ jb4S<U-«ljL UbiiJ ûjU j»Ju JLS ûjjûjjj jiij ûU ûLS^Jbjjj : jJjÖJU 

. jLSjjiib a iLSjjliU ^iluljb 
iJUUlJAi^S < n , JjjAJ jjj : jliU 

jU JLuSjjj jiiU’iiSuu (jJ jjj n Y - na = 0.092-0.141 < jjÛAUjjj: ^ii^j ^JiûLSi 
Total rellection ) u lûS ^jiJbli^jJb ûi*<u ûujj jii ûLS ^Ujjj j»5fu jLSjjjU <Uj ^ut 

■ ( 

ûLS ii«JU ^SbjLu 4ujj (Dispersion) jjjAu ^ S*H-> iSÎ4<u : ^SjjLu 

. jS<U jiişt^Sbjlû ^jLSJujLbjjU aSjJ j»î(<b . ûjjûub 
. ûjjSuJ jbjjjjjj ^JAiliiJ <U<ÛI«<U. ûjjûUJJ jLSLu ^AiliiJ jb- Ujjj<b : ^JAiliiJ 
. JuJ Û Jjb ,»U i<ÛiS ( +) jjJi ijiij : jii^ IJlSjJU S&HH 

^JJûbjjU (iJij-u, 4u4S ^bliiJ ^Ji<GLSu j»5fU <Uli jrûw Uji ûuljbjj : jjjjdSLu- ^JJjLjj 

. JjbJjjj IjaSjJ <Lib U juj Uii 
<Li <Uli IjijU. LLy-U i juU dJi UÛLSjiljîS jjJ<Li <U ^SjjUb jSjib- Uji Ji5b : jjjj 
^Sjjb dji Jiiujjj . ûûu û-wijj UbLS+UjSb jjJuS ^iiiJ ûwjjj ^JÛjS a iLS<ûbjJU 

. lULSjiiuÛu j jJ<\S U iiJb 
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Zircon jjSjj 




ZrSi04 

no3= 1.925-1.931 n e = 1.985-1.993 
Optic sign (+) 

. IJ&4J SaSjJ ^ J 1 ^ H. ^JrH '• &l> 

4jjj AJA& ji-ijLj iySjjLS SJij. LUjJuJti ûjjJ ^Aujjjû j ûjjAj SjjjJj S ) H-* 6, i '• a H& 

. ûLS«: Luijji \JjjS- t£jj»i Aj ddjAT’jb 
■ AmJ : j ijyjAiii 

. f>AauJAj \idjd£ <n ( jjAiJjj : J^H^ 
jjjuUÛAiiJ ^Jjjj jjjjjj&J II,-; - no) = 0.06-0.062 * 'jlbAJjjj : &û\jji S>jûl£Jj 
. jjJjJH Jjjj (j£JŞj»j jl Siijjj »jjjb aJjAzjAb . j\j% 4b ^LS Jaj»j Al 4.tuJjJ 

. AUjJj : ^SjjLj 
. j (+) j'û' — Sj»j» j^ajjjlj : ^aSaXwIjLj 

^LSjj^+b JjjŞJjAJAi ûjjiLujbJ ^jLLu ^4jLLû aj\j £* jjjjAj jMj : jj^UtSJUAJ ^J^lu 

SjjAu j S&£ajj\jji S)jû\û>û Sjij&Aa ŞjAA j jj4ujSj jLu^ ûjLjjj Jj 4J : jjjj aSLu^ ^jjjLjj 

. ajAjjjfjLu? ajAAjj&jAjjj ^LuAjLSAj SjAAa ûjjjijûaa. JLSajljll 
aJuub UujLLuu <U jb- dJJJAA. Ijjj a jLS<UJjSb JjJ 4S ^4Jjjj j UUjLjljS 4J Jj5b jjj : jj^J 
jjj SajAÛjJuJJ . AJAb UJLSjjljjS jjJJlS 4J L4jjj44 . wjLuw jjSjj ûjjûjj ûjjjljjai aj%i 
4J jjSjj . ij'jU jjj \jj\£AUAJfjj - 4£jb ijlûjj Jjjjli 4J 4jjj jJUb j j\jjj\i jj aj£\jj? 
^jjLS JJ»j jLSaijjjjjj UljSjai. J-jLu j H20,Pb,U,Th 4_J :^4_S jj4-uUuS Sjj j 
. ûLSjj ûwjjj Û4J4J<U Ijjlûjjb ^lû- jb 4J jjSjj Jjjj . jj4SjJjjJ jUS4jji-4uL} 

Andalusite ûjLw>Jj4j4j 

Al2Si05 <j44jjjj4J : jjjijjjh ^Ujj 

n«= 1.629-1.640 np =1.633-1.644 n Y = 1.639-1.647 
2v=84°;optic sign (-) 

JLS SjjUu ju ijiJlS (jSjjjjuj 4J jLûLSjjlJ-Sjjj . ajiujjjmu jLû4«Sjj4j, uÊjajjj : Jj»j 

■ ûJjjSai 
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jjj jîjj « jjIjj* <^jLS4SjJ 4 jL) . 4J4A IJjlj4J jjj £jjjb i£»$jjû 4J : »£lû 

fU U . AjIj (|) i£4jLLû ûjj£»ij»j jljSJjUi ^SAJijlu j yjjjjLS £lljte JJ <UuJjJ 4S 

.jjj-Ljiji Chiastolite )Aj«jk 

jjjjju JdluiljÛ jj» 4J jJjÖAw ^jlj4jj$ii IJ4 SjJ 4jU 4J . 4luljlU jJAJ 4J LjjijJJJ : jJJjiJ4u 

. ÛJjJuJii j&JJjJduJj 

■ flJauJJjliJjJi < n , jjJj : j($Ij 


jjj -»UdJjJj y^jjj *4J($ jûjl^S Ûij Hy - n</ = 0.007-0.011« <ujj : «jjl^J i£jj4jL&u 

. JlAJ <Uj ^Jjjj Ujlljj 
. ASJjjjjf IJ4SjJ 4jy <U . UUiLS^jJ £JJjjj Al JjJjJJ : ^JjLÛ 
. j (-) Ijjj— i^jJjJ ^iLSjjjjJ djjjb : i£4S4Lljlu 
. 4JJj^4S (jJijijJJ £JJuijS j£ ( - ) ijijiûjji ^ilSijjjXi jLSuSjJ Ujy : jj^? IUSUJ4J £»jj£i 
( - ) ^JLSJbjjjJ jAiLÛ-û 4J J^JuijSjJLçJ' ujLLuLw 4) wjUaJj4j4j : jjjj4SLj- ,pJjLjJ 
jt-mj4 ol J) Aû ^jjLS jjI JmSjij »jjJ? , yJJjJj4jj £JJdij£ ^ijjiS j ^IjjJ ^Jj4jLSu ^yJjj LAJjj44 
. (- ) lji£— ^jjjj ^jLçj-4j « ( + ) jli— ^jjjj jLuljJ ^4«4j j»Sf4J Ûu^jJ 
4_S (54-u-JjLj j4j j4u4J uJLwJjruy jJ ÛJjjSii ujVjluo^ . ÛjLLwL jj ÛJjjSii ûLSjjj : jljjS 

. ^ijjjLS ^jjL 4) j^jL^SÛj 

a jj4S £Ab £j\S 4j j^4j ijjjjj 4S jLSjjjJ j ^jLIjS ^JÛUSLu ^Li 4) ûuLw^Jii^S : jjj.j 
ÛJJLdUi j ûj%d j ûuuu LIjj 4)44 «yj4S 4j jLSjjljjS Jj44S jlû 4J ûuVjLu£ £jj? . 4J44 jj4J 


Sillimanite ûuLLuLw 

« ♦♦ ♦♦ 

AbSiOs ^4jjjj4J ‘.jjjJjjjb ojjjj 

n« = 1.657 -1.661 np - 1.658 -1.670 n Y = 1.677 -1.684 
optic sign (+) 2v=20°-30°; 

. I45Û4J £d£jJ 4 } d£j»jjJ : &i»j 
^iLSijjjb . ÛJjJuSiijii JjJdjJÛ JjjjS ySjjtj J ^SJj^'j ^J^iw 4J e lwS 4 j ûjLLuLw : »jjj 

. jj4SjJjJJ 4 u$SjI$£ IJ4SjJ 4iy 4j . jj$L4£ ÛLS £Aijjj 
^iL-y j4ÛwljLj 4J ^iliu ÛLS jjj . ÛUjlUJJ a J4S 4J j»îf4J 4 SjjL- £jljjl 4J 4jJj4u : jJjû&4u 

. ûjjLujj jSijjjli 
. 4mJ 4 j IJ4i4S < n « jj 4 j : jl$»J 


99 


aJIjaS . Hy - n« = 0.02-0.023 ^jjjjLSL m 

. Lujjjju J<uaU t^aSjj <jy . ^j 4U ^ûw 4 jiSjj 

. baSjJ 4jb 4) 4S4J ji$£ j 4 jJj4J 4S«j>U ^jJjJ 4j : ^SjjLj 
. 4J44 jU ( + ) — ^jJjJ ^4i<uljU ^ISjjj^U : (£4S4luiiljLj 

. wJj4SjJ UtfJJ ^j^US4J4J ^tjlu jljS 4J ^LSjjj^U u$$$2şi j4j4J : jj^laS4J4J ijifiu 
( + ) jL3- -^jUjJ ^4lS4JjJjJ 4j jj<CujSjjL?- uuLjJjJj^j 4) ûjUwLw : j^jj4SLu- ^jJjUj 

. 4Sj[^JbJ yJJjJj4J ^4ujS L4Jjj44 j jjjljjJ ^jj4jLSw ^jjjJj Ujjj44 
IJj-J ^jLSjjljjS jj44_S j joiûjjjA j wj4Lw j öw j j<jU e iSjj,i4S jU 4) wjLUlLw : jjjj 
LUjLLwU-m J 4 S 4 J Jj4SyJ wUljJJjjS j wuULS j wjLwjJj4i4j j f>j4WJjjS ^iLSjjU-. 4J44 

. WJjjjJJJ 


Kyanite wjULS 

AhSiOs jj^Lw : jjjJjjjU tyûjj 

n« = 1.712 np = 1.720 n Y = 1.728 
2v = 82°; optic sign (-) 

. UjjjLu4j jdSjJ 4J e J<UJlj4J wwJ44 ^iljjS iSjjj 4J4ilj4) . JS ^Swuu jJ Sijjjj : iSjjj 
. jj4J4jjU4ç ulS jjj (jiLSjjjjU . jU ^jjjj ^uU 4) 4wuJjJ wjUIuS ^jUJ ^JjuS : Jjiw 
ulS jjj j JjUj Sjlj4J4J ( 100 ) 4iwljU 414J4J jîf4J jj4SjJjJJ d4J4wuljU 4i4^4J : jJjÖ4u 

. jj4u4) jjjÛJJJ 4J jjjjJ4J 

j»4tfJ4j!J4i4S < n , jj 4 J : jljU 
4 ÛLSjJ ji>^l4S4J4J ^Jj Jj4j j4J4î n Y - na = 0.016 < ^4jjjU j»U : (jjljjJ ^Jj4ilSu 

. 414J 4U lijiiu 

4J .0 4J SuJJJ 4J4ujS ^4) ulS jij . wxu4j4SÇu 30° (£42^S jSjjjjU £jJjJ J 4 S 4 I: ^SjjLj 

. 4jJj4j uLS S^Jjij !J4SjJ 4jU 
.j( + ) jlS— £jJjJ ^LSjjiiU : i£4S4xu!jLi 
. ûJjLujj tjLSjjj : <jJ4i!iiJ 
. Jjj4S jJijijdj £4wjS a ii>J J 4 S 4 J ( — ) JjJj4J jji : jii^l4S4J4J £jj>t2 
JU 4S £4S4ijj-H4S4J4J jJijwi i 30° £^Sjjj 4S £4S4jSjjLj £4wjS : JjJj^SLç^ jJJjUJ 

. (P4JJiJj4SL?- £jJjUj wUjLujJ £jjj 4j !4ilS45j4J j4SjJ 
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j ûdVjjiLLui j ûuûjll j ûdLdj 5 J«U j jJjljS y j 4 S<U j*j|j j Lum ^LSjjdAS <U ûjIjUS : jjjj 
jjjLto JAJjSjiJ dij UijjAÖ . ÛJlSjlSoJ d«j ÛULÛUS<U <U ûljjÛAA <U LAJJjAA . 4J4A Jjlûjj 

. JJJ.4 I JÛLS<UJ<ûjb <ûjb j^ÛuÎLÛ JjJjlS <U 


Tormaline jUUjjj 

5^<LÖ : jjjJjjjii (jJJjj 

Na Fe BsAb^OHb^AbSbO^vjyiwb (^iJbjjj Schrlite 
Na MgsBsAb (OH) 3 (AbSi6027)^juûSi« <^LJbjjd Dravite 
Na2Li3B6Ab(OH) 3 (Al3Si6027)<3ltSU<û ^UjjûElbite 


Schrlite 

ne= 1.628 -1.658 


nco= 1.652-1.698 


Dravite Elbite 

ne= 1.613-1.628 n e = 1.615- 

1.629 

nco = 1.632-1.655 nco = 1.635- 

1.655 


Opt (-) opt (-) opt (-) 

~ .jjjyjii jljj-S &jij , j jtjjjjj jLd (JjjALui Ju i7i jLj, uAjjp' j^Sûjj ûuVjj-î : Sjij 

\ijjjLuij i£iljJ <U fkÛ4J dSJijJJ ÛJLÛJÛ , Jlû (Jjjjj jj d&iijJJ ûuLJljJ. ^jJluIuJ UjjjAA 

. ÛÛJJ jLÛû jljjS JdJj 

. 4J4A iûjSjJJ d«j ÛjLUAÛ . jj<Ldlj JjjjL jb JJ<b dj^JU ^A^jjJ d«j ÛjVjju : Jjlw 

. JjjjjaS Ûub-ljJ ^iLSjj^û 


. JjÎL jjj ûLu jSjjld ^jjûliu ^<Lû • jJjöiw 
. fkAuUdJlJiiiS < n , jjAj : jl^il 
JlU ( ûuLcLd j ûuLÎljJ) ^JÛijLi ?L> jb ( ûdVjju) jÛAAJ jj JJÛJ^b ^b : ^jljjJ ^JjAiLSu 

. ûdjûub Jiljji JJjûlSb IjaSjjûU 
. jjLw tfijijdj'Xjjj <û jjJÛuujj ûûjld ^iSjdAib. IjûLSaSjJ JiJjjj <U AUjAJ : ^SÛjlû 

.(- )UljJj’ - JjJjJ ^iiSijjjJii i JASlLLwI jb 
.( - ) JjJjJÛ d<U : j^ldS<UAJ ijijlu 
jbi-aljb jJuiAi ^ijjJuM ŞJjjuS <U JU4A tyûju jjjdji& J U ûdVjjûa : JjJjAdLu- ^JJjLdJ 

JjSj<Lu<^ 


101 


JLS (jjjJu jLj JLS jb jj>w jb tSijjjij AJJjljAJ ûjLLû. JLS i£Jjjj }j ûi ûjjJ öjblji 
. 4J4& jUwb (jjjjö^w JljJ «£4iljjJ fk<j fkîfju Ö£JJ JLhLjjjA j wjLjjjb 4J ûuVjjj . öu 
J^L?- djj bjjj4b « IiIiii kjjjjA <U l£JjjA4. JjJb ULujblIjl ^ÛJÛUSuJ 4J ujVjj^ : jj^J 
öui_w LiJjjU ^IjJjAu JJA4 IjjIjjS «j.iLS i£Jj4j U uuGljJ . 4 j4£ I JL)Gj j^. u ûû jj>J4S Jj 

. 4J4A IJLÛbl jS ,ûuLjU£u 4i ûjULu . 


Corditite uJljjjjjS 

Mg 2 AkSisO 1 8 5 o^JJ 

na = 1.532-1.552 np =1.536-1.562 n Y =1.539-1.570 
2 v= 40°-80°; optic sign (-) or (+) 

. 4j4£ ^JljjS uSjjj jj^iûudj jjj i£4SjJ* IJLSjJU ^jSjiJ Jj ^jjjjJ : öjjj 
UjLÛ 4u (yJAjljjl AjljjjJj pJmJ. jJj>S 3 LljjiJtU <jS4u^/i 4S 4J44 U^iuû ^j^lw 4) : Jjbw 
. jj 44 biijjj 4i Ujjj4a ûjijjjjjS. 4 J 44 ( Interpentrating twinning )jb^ 

.jjjJjS ûwjjJ jb4i4J I4jbj> ^JJJJ 4J jjjjb jjj : jj-JjLi 
ÛuuJjJ Jj4ulj^S ^jA4J 4S 4J44 j^J Û4J. JuU jlj4Û jjj ,»îf4J 4J4A 4J4J4Ûuljb JJ : jJjÖ4û 

■ >9M 

. dSjjj jjj j$4«4m14jIj4j4S 4J jJ^4jUJ j4Si$S^U . j*jj : jl^b 
jJjJLJ J4U4J * 4Jlj jjjl_J~S LJjj lly - na = 0.007-0.011 * jÛ£U : ^bliJJ jJj4iLSLw 

. 4S4J 4b jjjjj jii^l4S4j4J ^jjj jJjûjj4J 
. 4 jJj4u 4SjiU- ^LSjji+U jjliûi j4Ûwljb 4J : ^SujLj 
. 4 j 4& IJjb 4J ^J^iljiJ jb’jjj u iLS^Û4j Jji^lj : u J4jl^J 
. jjl^Lu- ^JjjjjJJ j4wjS . ( - ) jjjj4j jiJ : j^US<U4J jJilw 
. Ûu-JJ jjjl^S 4i 4S j4ilib j4i 45 uS4j ÛJljJJjjS : j^jj4SLu- jJJjbJ 
. ÛJljjiS jb ûjUujuu jj ÛUjjSjJ ûLSjjj : jljjS 

j4^41 ûjl iin. 4U44 I 11 m.iiiTij j*jl_) 4b * j^Jjlj^S Jj44Û Jb 4û>iS4J : ji^U 

. ÛUjÛujj IJjLS4jJjSb Jj£4S 4i j4«SjJ4J . ûjjÛujj UUJljJJjjS 

Muscovite ûulij5U4« 

KAb(OH2)(AlSi30io) A) 5 IS 4 j : ji>Jjiib (yûj) 
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n« = 1.556-1.570 np = 1.587-1.607 n Y = 1.593-1.611 
2 v = 30°-40°; optic sign (-) 

. jJJJJ jLÎLû jlj^S Jujj djjjte < IUjAJ ^4SjJ 41 JU jjj4w jj : Jjjj 

a jLS«ji>lJ <U jj]^- . yJ^LtjSujJ jb UjSjjjJ ^ib ^j^luAj ûLS ^JUjjj : jjii 

. jjjij/bjj (Sericite) ûjLujjruy 4 j jJjj jjj 

. JjljAi JjbJ jjj J 4J4A ( 100) <Uwljb UdJAJ : jjju34u 
^jljJj <U jljjS djjj<b jjjjjj lijiLw ^jjAjJûVjj^ Jb. ,» 4 uJ 4 jIj<û 4 S < n . uûjLjj : jljiJ 
(JJjJLÎ i<LÛwljb <U u_UJJ uJjUb jJjÛJlu ^Ji-wljb bliiLS 4 j»JuS jjj . uUjÛUJJ UuiSjjb- 

. jJJJ jjjiu >S4J j4u <U UliiLS «^jj j jjjjljj- (Jj.S jUojAJ’ 
e ijj»^US4j<U <jJjJj juJj<LJ j4J<U * n Y - na = 0.037-0.041 4 ji4<U : ybljjj ^JjAiLiu 
a jjj^liS<U4J y^jjj jJjö<Lw i£4iuuljh 4U uUj<Li ^<lSjJ . jjj <Lb ^JjJjLu LuLSjJ 

. <i£<U 4U ^LS4lujj 

. ûjjSjjjbji 3° jb 2° jb- uijJLxu. <ujj<b. uujjj Lbjlu jjjö<iu i£4iwljb 4 j : ^jjlu 
. (( + ) jli— ^jijJ 4ilj ) Jjlb- (^Suui i£4iwljb 4ubU4A jJjÖ4û ^4iuljb : ^<iS<UuIjb 

. uJjûUJJ jb- UijJLxU : (jJJoljJi 
. JJJijL) j»b ^jJjJjûj iJAS j Ê J 4 S 4 J ( - ) JjJj4J jjJ : IuS4J4J ^jlwu 

i54wjS . j$4UjÛjjLu- £jîS4J <U u4«J-jj<U 4S ûi^JJ uulljSLjj 41 UULu : jjjj4SLlj- ^jJjLjj 
. jl^4i ^j^<ÛJj.SLu- jj 4iuJfu £$LwjS ^4jjjiau . jjISj^jşj uiilb ^jjjjj4i 
4J lAjjj4b . jbULÛ j ûuuu j ÛJ%d Jjj jLSjjljjS JjbJuS ^LSj^jb jjLÛ- 4J 4SiS4j : jjjj 
. 4J44 LULS4jJ<bjb<b)b Jjj^iwuj JjU4S 4) j/iL6 ^Sjjlb- Jj^ LftJjj44 . 4J44 lûublj.S 
j^4jLS4iLSuLw a l4jjiujjJUb) ^ljjS ^jLjû <U <U 4S <U44 Jjj 4jj5jJJ ^Sujlb- djj : uuLwj^u 

. jLuwUlJ JJtj ûijjj ÛuJjJ 


Biotite ûuGjjb 

K 2 (Mg,Fe )2 (OH) 2 (AlSi 30 io) &$S4 j : jjjJjjjU ^jj 

n« = 1.541-1.579 np =1.574-1.638 n Y = 1.574-1.638 
2 v = 0-25°;optic sign (-) 

jljjS <Sjjj . lUSu4i (£4SjJ 41 jj4w jb j|jj4u. «b jja ijJjlb . jb Jjjj ^JJjlb : <Sjjj 

^jSj4uU<U- (Jjj4l i£4iwljb 4J Û.UJJ uJj4i jJjÖ4w jjjQ4ijj)iTi U l ub Jju44J jjju . Jju44J 

■ 
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jLS4£jU jU- UbJJAA . 4J4A 4£jb jb ^Lu4u t£jl_$4J$jj jji>b t£Jjl£ AJ : Jjlu 

. jfjLaJj' 

. JJJJlMj 4J 4S jjSjj Uj^ Jjjj ^yj-jjlj £$LS-: jj-jjb 

jUoj jJjöU ( 001 ) 4J jjJj4J 4S ^JjlijJ j4J. JOjIjLj jkJJJ JjbJ jjlj4J4J jjj : jJjöU 

. jJJb 

. |» 4 uJ 4 JlJ 4 j 4 S < n. j»jj : jlyJ 
4b 4 jLSjj jj^US4j<u ^Sijj n Y - ncx = 0.033-0.0591 *)4 a4j: ^ii^j jjjAiUj 

. ÖJjSjJ ^ij^USJJJj ^ljJj jjjj jji4<u 4Sj^b- ^Sijj JtjA i jAJAJ j»Sf Jj . ^J 

l£42jS 3° 4 jÛj 4J4il^4i jL jJjJÛ44 |»<fJj . jJj04S ^jlj4.jjj)û AJ 4 jJj 4J ySlb : ^SjjLj 

. jj (jljj 4w ^SjjG 4J4ilj4l jlSj$b4£ 4£jb. ^SjjG 
.(( + ) jb— jjJjJ) jb 1 ^SuaJ Ji4xuJjJ jJjjbU j4luljLi : j4S4lwljb 

. LSjU jLwb j4w 4J jjyuJJJ jbjjj : ^jAiljJJ 
~ luii^i^J^J JjL)J jJjji4u 4St£4i(j4i 4 j(j (001) 4j uUj4j t£4S^J : )j$ j44S4J4J i£j»1u 

. jJjjJU jjj ^JjjjjJj t£4ujS ^jaSjj ( 
jjbj j j^4j4S45jjj ^jjj jja 4 j jj4ujSjjLj- CubjSjii 4J ûjGjjb : jjjjASLj- ^jjjLjj 
j jÎSj^jsj ^SjjG (£4ujS (yjjjJ 4j j^JlUjSjjLj- ^jjjG ^JûLijjA 4 Jjj. jjjjjjj 
^JÛuljb j4u Jj ûuJJJ jjjytu 4SJjjjb (SjJjJ JiöLS 4J44 (5jÛ44j ^yjjj jJbjjj. Jj4ijjÖ4S 

. JjJjlj^ l£jSj4uj 4J' t£jj4J 

t£jjLj4u ûjGjjb 4S AuAiljJd. ûuVjjSUjil jj jb ûuljjiS jj ûûjjSjJ ûuGjjb : jljjS 

. Ûuj ûuhjSj^S a ijjj ûujjj 

UjjjJL .( jLSJLUA^jb Jbjb ) jlSjji^JJj^ jjyLuû jjIaS a iLSjj5b jjG 4) 4SuSdJ : )jjj 
jLSjjljil jj.J4S 4J Lj^j44 jjjb 11mjb j ûu 2 ^jLSjji^S 4J jj . jL4ujSh jji4S 4Jjj5b 

. Jjbj4S yj44j 


Prochlorite ûuljjiSjjj 

Mg5Al(Si2-6 A1 i.4)Oio(OH)8 i£j5<S4j { ûi>i)i>4 <**&> 

na= 1.588-1.658 np = 1.589-1.667 n y = 1.599-1.667 
2 v= 0-30°; optic sign (+). 

.j)»b4J j4«4S jlj>S cSijj 4 IjSjG t£4SjJ 4J jbjj4w jb j^4w : lSjjj 
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j ÛÛJJ J ^42 IJ45 jJ AjU 41 jL^ dJdJAAt 4J4A Ij 4 £jL 4j>jL ;£jji2 dJ : Jjûû 

. 4J4A i£45jL (JJj4J jJ ^jL- 

. 4lwljL jJjjAj ! jjjöAw 
j»4«JJj|j4j4S < 11 < jj4J Lj j»jj : jljjl 

11 / - 11 f/ = 0.001-0.011 i ijlbdJ c Û.ûS Aj : (yjljji tfijdjlSiu 

. JuJjAJ: ^SjjIj 

■ ((-) IjŞ^-JjJji ) !ji£ 4J JjJjJJ jJjÖ4u jj!j4.Uj2 : (£454ÛwljL 

^Ljjj J4S41 ( + ) jjj^4J jjJ ^u254j j»Sf4J LOjdSiA umj jJ u4t^Jj4J : jjjç US4J4J i£t$xu 

■ 4îi*J Jij u4W3& 6&Mj$ 
. jjUJjjJil jruuJ j jjlSîb^S 41 JJj4jL5u Û^SitjS^L : jjjj4SLuj- JjJjLj 
.ujj UUjGjûSjm J 4 S 4 J 4S.ÛMU ÛJljjiS a jLS4jSjj4M jj4lu^Suj 41 4SuS4j ÛJljjiSjjJ : jjjJ 

. jjjljS 4J Jj4J4jjJJ jJ 4S 4J44 IJ4iljjJ J^ Lj^j44 

Talc dlG 

Mg3(0H)2(Si05)2 ^4J : ji>JjiiiJ ^jj 

na = 1.538-1.545 np = 1.575 -1.590 n Y =1.575-1.59 
2v= 6°-30°; optic sign (-) 

. UlSj4J ^4SjJ 41 lSjJjjlJ :L.ijj 
(jjlSjjiiiJ i JLS4J4J jjJj4J ÛLS j4Jjij 45 4J44 Ijjjj jL Jji ^4 l[jSjjJ ^Jjûi 41 dlG : J£u 

. JiIjûu4j i!i4Jiij (ijiiiJ. jJiL4ç 
.4 ÛuIjL ÛI4J4J JjLj jjjIjJ-4 j j jj : jJj04w 
j4uJ4j!j4j 4S < n « 4tjj : j!j.d 
4jL5jJ jjj£!d54J4J ^Sijj jJjûjj4j IV/ - na =0.03-0.05 i jÛ44J jjj : ^jljjJ (JJj4iLSu 
. 454J41 j j- ^jJji^USjJJJ (^SjJj jJj042 4J uJj4ii (J4SjJ. 4b (JJjJj4w ^24J 
. ÛIJJJ 3° □ 2° 45 jJ ûbJJ44. jJjÖ4u £)!j4ijjj 4J 4 jJj4j : ^SbjG 
. 4J44 iJbJG j SLjJ 4J ûlJi ( + ) iG~ (ijJjJ 4j 4xuJjJ jJj042 yjjljJijjiTi: yi454 ÛmIjL 
. 45jiAJ ^JJjJj^J (J42 j S ( - ) JjJj4J iiJ : jjjjH4S4 J 4J ^JişUÛ 
4uJJjJiG 4wî5 iijA 4J ûûjjliJJJ |»Sf4J ûu£JJ ÛJUÎSLÎ« 4ljjj : j^jj4SLu- ^JJjLj 
. i!i4j (Jjj4iJjSLj- jj ÛJjSj jj iJjLluS ijtjdji jSjlu 4jIj JLub . Ji4iujuLb jj4j4S4SjJbJ 

.ûjjÛl4jJjLS 44 ji^jjjSLu- 4J u (x-ray) ^jûuu ^iûu ^7mS4j 
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j wjUjJjj ÛLS jjj. IjLûjjLw {£SjA j j ûww 41 ^ajAui ^Sûj^w^SLu AJ ^lluJjJ : jjjj 

. jJii IJuS^JJ ûjLhL6a» 


Antigotite wjljjJLûiAi 

H4Mg2Si209 &51S4J ijjjjjjjjj (gJJjj 

n a = 1.555-1.564 np = 1.562-1.578 n Y = 1.562- 1.573 
2v= 20°-90°;optic sign(-). 

. IJÛJAJ (J4SjJ AJ Jlû (Jjj4w jj ^jjjjj : ^joj 
[jJjjuM JL LijjJtA. jj4 jJÛ gdjjj jlw Ijjjjmjj £jjjb i£JjA&Al uJlj j SuiJAJ : jjx 2 

. jwxljj jb jj4^ ijLLuiûjjjb 
. (*4uU4jlj4i jS < n. Jjjj : jljul 

d-uLjJ jjj£l4S4J4J <^JJj jJjJjjAJ n Y - na = 0.007-0.009 . jû^jj : tjiljji ^JjAiLSw 
. 4J4A jljj^Sjj4wu 4 Sjj£ JjLw d4JJJljG (£4SjJjjj . LJ<U 4b jJjiîj 4J 

■ 

.( + ) Jb- — jjjjj a iLS«jjjb : i£4S4xuljLi 
. djljLc- (jJijijJJ jAwjS j ( - ) JjJjiJjjJ : jjjJp4S4J4J jijlu 
. ^LStUJjtLJlj <UjSjjj jjjj Jj jjJjJ jSjjLu? ÛJljjLöjjj JJ JjLjjwJjS : jjjj 4SU>- jjjjbi 
j jrwJjJ ^IjjJ 4J « djljjS ^jSjjJaS AS jöi4Jj4« ^jLSAwSjjAw jj4w^Suj <U 4SuS4j : jjjj 
. ijdjfojlujj JJU ^IjjS jjA <L ÛjJJJ ûuijjJ i JÛA ... ÛJlSjji j wJlLuuSjjJb 


Lizardite ûjbjjjit 

H4Mg3Si209 ^j^SJJ : jjjJjjjb ^jjjj 

n« = 1.538-1.554 n Y = 1.546-1.560 
Optic sign (-) 

. USjJJ (JASjJ Jb jljj Juu JJ ^JJjjJ : «Sjjj 

. ULÛjj&U4i a wJJjj jjj <U ÛJjiSiJjiJ 4£jb 4»jb J UljjJbJ j<UjSÖJJ jjjw 4J : jjlw 

j4uJ4Jb4i4S < n « jjj : jljjJ 
^jjwH4S4j4j igJjjj jJjjjjAJ n Y - na = 0.014-0.016 « ^iijjbjb: (jiljjJ (^JjAiLSu 

. d4J 4b ^tSjjj SJjij 41 4jUÛJjJ 
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. lijLS4lîSjijJ 4Sjj 41 4 jJj4j : (?3JjÛ 
. j( + ) ^G - — (ijjjj ^jLjjiib : j4S4u«IjL 
. IjLûÎuUjS $ ûulji^ujjJ jl^ûj 41 JuJJÛJ^Lj j»U ^jjJûLSLu ^ASUjSjlA : jjjjASLj- ^jJjLjj 

JjJuJjuljjJ jtuL JjJuûuy ^ÛuJ JşA&j 
. IJÛLSJllLl L uJjJlmJjIaS 41 ûjj IJjJÛiuJjS jjS<U : jj> 

Chrysotile JjGiujjS 

H4Mg3 Si209 &5*S4 j : ji>|ji>b ^JJ 

n« = 1.493-1.546 np =1.504-1.550 n Y = 1.517-1.557 
2v= 0-50°; optic sign (+) 

. LSj4j ^aSjJ 41 ^jjjÛJ : Jjjj 

. AJA4 iJLJluJj i£4lî5jJJ ^Jiûû 41 JjLJ4-JjS : 3$ş.u 
. JjJjj4j a i«4S4J jij |»4uJ4JlJ4J4S ^Ji^JlSuû (£4SUiSil4 41 (£Ji4jlSuû (£45UiSiL4 « ^jj : jliul 
jii-ş^ IllS4j4j ^Jjjj jjjjjj4 j n Y - n« = 0.011-0.014 « ^jjjilj >L>: ^iliiJ ^Ji^iLSJ 

. d4j 4b ySLiiij ^Jjjj 41 4>ÖJjJ 
• UUj4J: <j5jjtJ 

. j( + ) iL - (ijjjj jLS4xULbj 4liSjJJ : (£4S4ûuljL 
( ûuVÎJJLujjS i ûj%diui4J i ÛuVÎuJjJ ) j«îlubuw4j ^jû ^LSjjÎ? : JiJj4JL* ^jJjLjj 
. 4J4A lij^Sjjlû ÛuVÎuJjJ . JjGÎuJjS 41 JjJJji^S jLji^jJÛLSu ^4SUiSjL jLi>»44 
. I4ÛjL1uj4Jj4w (ijiiS 4l 4 j44 IjÛLjjLjJ ^L 4J JjLjuJ^ : ji> 


Glauconite ûuLÎSi^ 

KMg (Fe,Al)(Si03)6.3H20 £$S4 j : jiiJjiib ^jj 

na= 1.59-1.612 np =1.609-1.643 n Y = 1.610-1.644 
2 v = 16°-30°; optic sign (-) 

Îj Jjjj 4J ^jljî-S ^Sûjj « LSj4j (i^SjJ 41 ^iûjjj jlji4ui jL 4 iLjjjj.(iji4w « ji4ui : iSjjj 

. ji4w 
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4u jLj IJJj4_jj^jjS 4J jSjjAJ <LS ^J4Jlj5jJJ jj^uw 4J uLSjjj : J$«h_w 

SjjjJj . IjJûJUIjjj ^iLSjjjjj 4J jjLju jLSdJjSjdJ uLSjjj. jSLu JLj aS 

. jjljÛJ4i j\j&jjj 
. AjAA b<LwljL J4J4J : jJjÖAû 
. |»4iuJ4JlJ4j4S <11 «jJjjjL ^L : jl^iJ 

jj$uHdS4j4j ^j tj « ny - na = 0.02-0.032 < jlbd j$SG jajjjL ,»L : ^iljjj gtjjjiSd 

. ajJ&ajlS J&tj jja^Jj jjA4j ûj^jj fkifJU . jjt aJj ^jLS^Sjjj ajLSjj 
jLujJ 3 ° jLj 2 ° jUûjS ûLû JjJ j»Sf4J « A_JjdJ Jj4ijjjÖAu j4ÛuljL tftjJj&Jj : ^SjjLj 

. ÛJjSjJ 

. 4j4A IjLSjL4J ûJjjj 44 j( + ) jjG - jjJjJ jtSjjjjii : i£4£4XmIjLj 

. (jtijijtj j4ujl jjijJ ( - ) JjJj4J jjj : jjjj04S4J4J jJ^iu 

jLuljJ j4«4j j»îf4j ( ûjLujjL- (jj4JÛ4j ) Ûj-jj LuljjiS 4J ûjLjSj^S : jjjj4SLu- jJJjLJ 
4J4A ^aUL (j&SliA ijtjjJdl ÛjLw^jL^ « JJW4S JjjljjJ jJjGliÛ _J ijJijjtS (jtjJj\S£l (jdSjjSjU 

. ûuLjSj^lS j4ilj4juJ 4 j 
. ÛjLjjiL jJ ÛUjjijJjb- dJJÛJL : jljjS 
3JH ji3 ûij 4S . ULudS jJj4J 4) UjjjJL J jJj4J J JJ44 l4l jL 4) ûuLjSj^tS : jjji 

4u4A IjluuGjjS yjjjj4u 4J LLS jjj 4S (green Sand) jj4u 4 j .jjwLjj ijllI jjj4j 4J 
. ûGjjj UûLjSj^S jj4^4J ÛwJjJ tjJSjJ 4S j4iljL« j4J 45oS4J jifljJjS 
ijuûjjL ^ljjS ^ysLL 4J 4) 4u4jtj4J « ÛiÛjjJ Cuijji tjtjjJjd ^Lb 4j 4) ûjLjSj^S : jjjj 
^dJtSjjj 4j UuLjjj tf&Sjjj dJjjjj ^JLSjjG jJ j_uL a j^u jLj. ûjj ujjjjt tj jjjjU 

. ûjj ^jUL j&Sij? 4S ûIjjjIj ^jLjjj 


Mineraloids jt&j^jti- AJ 

ûLjJ 44 j»S(4u j^jj jLSjjJ^S jjG 4) 4S ûjj jG4j jjL ÛJÛ44 jj jLSjj^ç jG 4) jjjljlj 
4Û4JL ,»4J jjLu jj>ijj_S (jjjJj ) JLûu jS (Jijjj&d dtj «tjjtjSjjj JjU- yjGjjLÛjj 4J 
. jJ4SjJ ^tSjS j4J^yJ 4) j*L 4iG IjjjÛJ « ûuLwjS "JL jj ^ilSjS j4uj$î 4J 4xuJjJ 
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Volcanic glass ^iLSjS^jiS 

(jj^jLj- 41) jiilJlj : jiiJjiib 

Si02, A1203, Fe203, FeO, MgO, Ca0,Na20, K20, H20, etc. 

n = 1.48-1.61 

. I4SJ4J JûZjj 41 ibjii^ ÎJ ÎJ tijjjwJ : Jjjj 

. 4J44 'jAJjJ : Jilû 

. 4uj : jJ jÖ4u 

. JjtSiiŞJ fk4wJ4jlJ4j4S ^ 4) i£jj4iLSw ^^SljS^b ûLS (£4Jjjj . tfdOijlj ?>L)jj ?>jj : jljlJ 
LSob ^JjJj ^jiiJ j»4S 4J ÛLSjJ Jbj ^Jj4iLSw ^iSljS^L . wbjJ jJJji^S jiJjb- djJÛ44 j»5t4J 


dJû uWjjJ 4S (jJ4uLj4j 4jb44 ^4S4J jÎj jbSj4j44 « a J4wû ^ûîSiJ : ^il^J ^JjiiLSw 

. jJJJ jLSw 

jij JLwiJ jjj4iLSL£ j4isliSjL4 i^t4j ‘ * 44ûiiS4l JLj jj 4J4jlj4l : JjJj4SL^ jjJjLjJ 

. jjw4S 


j wJbJ JLJjJ jjl i iiiji^ j»îf4J . 4-uj IjSLSb jJ3 (jiLSjJ j4wjjjS ^jljj-S 4j : jljî-S 

. ju wwjjJ Jj4iljîS ,»41 4J4jtj4l ÛjLu1jÎ*ÛÎ« j ÛJStbîlwJjS 
U ni d C ll ■ 4J44 tJ jîlwJfcU' j ÛjVjjy j jWjwJ j jb4w > jj ^LSjjJ^i 41 ^ujjw : jjjJ 
j-JJJ jjj jjjjj4w4l 4i ^iLSjji4i 4i diu4J ÛLS jjj . Ûe-JJ ÛjVjjtj j4jl^SuJ 41 jjLujS 

.uujwbjj tj( Lechatelierite) ûjl^LLûbul jjbjjj ^lûLSjjjeSwb j4«jjw. û!u4j4Suj 
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fkdjuuiA fjîjd b 


Petrology 

« IjûLujjj jJjAJ jLSjjL^ j JUA»J AajLj jijUj IjiLub )$aJSuj 414S j£j^4j 

j 3 <LujSjjLu>- jLSJjAJ jLûLSjjlûajj j j^ASjJjjJ jj^ USjJu JaSjJJJ jlSjjLi- Julj 

.jûLuj jLu ûÛJ ÛUSau Lu- , JÛIjLi-jJJ jpL^SuJ jj<U<LSjjjj- ^uijJU JU jlSjj^JLS jb^SuJ 
<jjJLuM_Lu ji Lu-Lu-4__„;J.S4uU J 3 4 j^jLûLj jl__SjjLi- ^jjJuu ..i ‘m"u^Ç 

j jj * S ‘J'" j*tuUjjJ4^^jjûlj^jû l 5 ^ ^jj **\ 
jû4ÛU<Û . jJ<LSu jLLU ûuiJJ jL-U^jJ ûwjjJ ^jjLS^LjjJjJûJjSj jLûLSûjLSjlj^S^A.:- 4Û41 
ûJujj ^SiJ-u ûjjiSLjjjAÛjjjjS ^JLSjj 4_u^SuJ jjlû- ^jjÛJjSL^jjj JuunLj JJÛJjJJ LUJuu 

^J^JjUuuiUa^JJL J jLSjjb- jljJJ JdJijJAJ J ^Jj^ ^AÛiljLj 3 Jj ÛAÎj ji^jJSi t jJÛIjÛ (^IjJjAli* 
^jûiTii 1 . jUjjJl<LS<U S U SJlUjAAAJ ÛJUJÛ ^j^j Jû ÛUjSjjUp J ÛJjSu^jUJ ^Jj^AJ JLlA. .. 
^ûLû Jû l t ÇlA"jA^jlAt uUjSj jLSjjUJ_S^J ^*'~" M.' 1 JiS i jLS^uSjjJuilJjLUjj ULUjjiyjjJ 

:ûjjSj jlIu Jjj^Iw j»4J iULLujjj jjjJj jbjjJiU^SÛ 


:( Mineral composition ^jLi- sûl^S ş /j»<LS<u 

j_SjjaSjj j jjJjjj iiiI i i <lSjjUAS jlû ^LSj^Û ûj_s <lS d7m iij n j jSjj j-wjjj ^SjjLS 
USjjûjS ^L)<U ('/.) jLuj$j ^j4ui ^jjJj jLwb _j jLuûS jljlûdJj _j ^ûjUdû lLuû^j^^lUjSjLu- 
: jjjSU jûjj dJijiu |»4 j LujijljUjJ jLSjjUAS jlû ^ûljlû- jû . ûjjSu^jLjj 

:(Essential minerals ) jLS<UjSjjJL«jjL?- A 

^jLÛSjj _j jlûjb j jjûuiSuU jbJLSjjJJlS ^JjLuj ^JlujjJjJS ^UIjjU jujj.u ûljLi- j»û 
)4J jjjlj-S ^JjJj <ÛmJUJ UÛjLjljS ^jUJS <U 1 Û 33 Û jj . ÛI 3 IÛ- j»Û jJlui 4 uumJ 3 JJJjU 4 S 3 4J 
^J^ÛlLU ^jUlLS 4J jLu ûubljS ÛUJU 3 IÛ ^û JjJjS 3 Û jjÛIjlUşÛ 4J ûÛ4j ju4S ( 20% 
^jSj^U-Jlj jûjl 3 _S 4ujj. ûûu jûLuj ( 95% ) 4J jûjljû ^jjûj ûjj) LL_uL'Uj4j jûjl^S 

.ÛUjjjJlJ ^Sjj4u 
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:( Accessory minerals) jLS<UjSjj<uUjjU- B 

J<)U j jjU&tJmSjJ J^Sij^jStJ ÇtAfS ly&AmJtj Jj Ûj^Uj JjJ J tjAmjdStjljAl Jltj Amjlji^ |»<U 

jLj jdw JjlS tJjjjAJjJ . JLuj jLuSdjJL ^jj j jû JjjSjjj UjLSjjiJiS e j|jjlj<U JuJuuUjAj 
■ IJLU fJJjAJ jjJ AS ^U JJ ^jlû- jU iJUJUIjS ^jjîAS jUAJ ÛjLjjU 

:(Decomposed minerals) jLûj>)a4 C 

j^<jLS<LuSjj<U<UjjU- jU jLSJLjSjjJUjjLi- a ilj$j-lj j jJÛLwj>)<L ^Lşti Aj<U AiljU- ,»<j 
jj JjjjAJ JÛA. ...jj\j (yjJjJ 3 jjjJ jjJjl&Jj j jJjLuiSjj dtj ^iLSjjbjS ^^aj ,û1jjj ûwjjj 
JUuSJbJiS )jujJ&jMjjj £jlS ^jJjLûijiJJi ^jU&i JJJU jUjjLS iJjLt- <J)jjJ Cuijji dtj JjljLi- j»Jj 
. ÇjLh-j^ ug ^j jiydS^-^U^L^- ^jjjûjjJAA UjjjJU .((jlliUjj ^jL u xJUa ^JU^S ^iLSj^U-JU 
^iLSjjUjS jjljL?- ^jJjjU j$<jU<jjj<U ÛJjilpjJ 4S ûjjûjjJLU Ijjj <U jUj^u JjljLi- jA j 

• ûijiljj JjjiU Ij4S4jSjjAuJjJ4SjAu<Aj 4S jjUlJ j jljjflJ 

:(Texture) ^ijiJû jU <LLij /fojjj 

^IjJjJU «ûjj iSjjliSjU ^LSjjU- ^iLS^jjJ jljûi ^iLSJJiijjJ^y ûul <LLÛj JU luuJjJj 
JlLuj LLJjjljJti .LLJjlJti iJJLSjjiJiSJUJiS JLiljli- jjJj ^jLLwIjU j <j-Jjj- jtjLiJjj jtjjuu 
<j ■ n )JjJ jJj<U JÛjlj) iJ_Si<U jJ<uSjJ<U JJj J U-jJiA » ûUjSj (JjL-JJ I-LlU û jLU—j {JJLjjjaJ JJ 
^JlLuj UJjjLjJU SAjjjAJ .LUjSj jluLj LLUti ûjjjljijj j-J jjjJ J ^JjJ <U jjj ( IjjLSjjJ4S 

: jLSjjiAS 

:(Texture of igneous rocks )jLS<LujSU jjl<iS ^jûmj- 1 

:(Crystallinity) jj>jjj>b<j-a 

jL_j (holocrystalline )jlj4_Ji ^jjjbJuu û—JjSj J—Stjl? -'j û_Jjil>jjj 

.(hyalline x ^jûjjû xgjjjbU jU j (hemicrystalline ijjjbJjwU 

:(Granularity ^jjjSijj-b 

jLj (phanerocrystalline)jJjj<uS &jfiJ jj-U aS ûjjSj jLS<UjSijj ^Ujj ûjjiijjj j 

.(cryptocrystalline) jjjijU ^jjjU jU (microcrystalline )jjjj ^jjjb 

:(Shape )jLSjjjjU ^jjiw-c 
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jLj jb 4J4lîSjijJ (ÛU<U « jjiSjJjJJ jljLj? 1 jJiUÛ jlSjjjib 

jljjjJb JU jLuiLSjjjj jjjiu ûjjjljJ*: UjjjJLA . JÛb.... jlu yJJujjjAJ jlu yJJLUjjjJ jb 
■ûjjSJ ûuj ( anhedral ijjjJu jb ( subhedral )jûjjb j»U jb ( euhedral )jli<ûiij 

♦.( mutual relations )jLSjjiii) ji^Jû Sûjjj4j -d 
jjS4Ûjj_*- jlS^ûjSjjJ JuJJÛIiJj djjJJLS il—j ^jLÛJ^b- ^4—ijSjJJ jli-jj (£LÛJjJ4J 

Ş4Î..itijjJ dji (inequigranular )jjS<Ljji. >b jl..j (equigranular) 

jjb4—2 ^Sj—jjjiSjjj Jû4_j;iU jiijl^Sjj 4—S (porphyritic texture )U JjrjjiJ 

S4lûj jLj . USiiştu jJîSjjj (ground mass) ^SLujû ibD (phenocrysts )jji<LS 
(ijjjJ 4J bji * jLSjiU (i4JiSjjj 4J Jji jij jjS4j412j jJ 4 x ujjj 4S (aphanitic )< >7 luU<u 
(amygdaloidal texture ^jJujJjjSuAj sûûjjlu- Ljjûjl LftJij4U.( Tuff iijujj 
>LS jjli- <U JuUUbJ <LS ^JLjbiS i<û tftjAjjjjjj 4) 4uuJjJ 4S Ulijb (£jJ4S 4J jJjLujJ 

.4j 4.. jjVjjjbi LjLJLS i jjjliS 

s( Texture of sedimentary rocks ) jLSjiilui jj^4S ii4ijj- 2 

:(size of grains )jLS4iî5jjj ^jjb<û-a 

jLSjiiJJji 4Ujj7iTi 1 jj„,'4_S4J jSu24J4S (ijjû (jJj4J jLj (jJj4u Lljj >Ljjl4S 41 
U-U (jjjJu 4JiiûÎJ. 4ÛLjjjS jllîu a Sjj4-w sL4Jj jLSjJjSjjj (jjjb4b . Ij (clastic ) 
jj 4J i j4u- 4u u_ujj jjjjj4i jj 4J .j l/16mm j 2mm jljûj 4J ^jlSûjSujj ^jjLau 
i ÛjVL i jjuuU- djj IÛLS4JiLwS4UjiIÛû JjJ4S 41 f&4j ^Jj4J 4J ÛUJJ jiSjjJtJ 
Jjj4_S ^Jii_u djj ÛJjSjJ (Sjluj i ÛJjjU JJ 4ûljb- j4U cijj-Jjjjb (j4Jj !j4_J ULuûS (jJj4J 
. (microcrystalline) dji*j Sjjib jb (coarse crystalline) 
♦.( shape of grains) jLS4lîSjjj iiJiiu-b 

djj >LSjjIÛJj (j4_Sjj4l jLûljSjjJ (jjjlw ,<ji (jJj4J djj IÛLSj jjJJj $4 U j juui «J^4S 41 
jûIjÎaS j4Û 4u4j!j4l4S . jûj-Sjj ^Lu jj4u (î'oundness )S>û j (sphericity i^uji- 
ûû i»4S sjuu jb jjjû >tStf 4w4jlj4l i jjSJ4bjjjJ jb jJ4ljSjjjj jb jj> ^tSÛjSjjj 

:(mutual relations ijtSûiSjjj jliû jûjjjjj -c 
j4_S4j ûjjSj jmIj (sorting )jjjj4ijjSLu- j4^j4l LûjjliJjj jlSÛÎSjjj jljû jûjjj4j 
4u .(well-sorted )4ûb jjj jj4ÛJjSLc- lj4Û jbjjb4Û J4u jLöûS jLSiîSijj 
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IajjjAA .( bad-sorted > 33^4 b JiLu j4i<û ûljj ijAjljAxlj 

. jLL. .. <LJ4Ûjjj4J jb AjdjljS jb JujMuJlu jj^jjjj iStyiu jj-û 4 S t( packing) jLSJÛjijjj 
JjIjlL ,u_Jjia£)bJ JÖwbUjb UJ_SjjJaS jjLJ J_J (pOl'Osity )j3_S jJJLui jjj_ij 
j4_u JJ < -r u—> * (bedding )jj^ (yjjj-j Jjj j4Ö_wj L^jjj^’ jj jjj<ujjjj j jjj jLS4<U33Öwuj 
.(fissiility )jj-çjjj3 Lfcjjj^b (cross-bedding)jj^ AjjjjJ * (graded bedding )d<b 
Jjj AuAA jl_çSjb J ^Jlj ^wU j4SbA Jjj jLS^J^SjJJ jjjow AS (Oolitic Aj 

umlS 4J jlLj ^Lwjjb Ujjj<LA . Ij (oolitic limestone ) a iJjbjj ^wJS jjj4u ^jIaS j 
. yjjjjj <U jjj IJi>uaj ^JjJj jb <U ÖUjSj (fossils )jLSj^JJj4J<U ^LSjjj^- 


s( Texture of metamorphic rocks) jLSjjljjS jjIjiS j4iûj- 3 
s jLSJÛjSjjJ 3 jLSjj^^b jj^ow 3 ^oijSjjJ^ jiiJji>UAJ ii<Uj -a 
jjbdb aSj^u^ t jjjbjJ jnL : jlSjjji iTi ii 13 jlSAJjjlb jjbJ_S ^JUljJb Dj^AûIjLLs^Jj j» 4 b 
^iljiJ i£ 3_A J.u w wjj J CuyjjJ J3AJLSJ337 »h 1 jb jLSJÛJjSb jji 4 S ^jlj^S ^jLu 4 J 4 Î jbJ3ij^S 

■ tjAjOfaALB {jjj$J jjUiAJ LZijjAl 3 J33IWJJ AiL.< jb bj^S iSAb 
s( mutual relations )jLSjj3>b jb jLSAJjSijj jl^ob ^juj^jaj -b 
i»4b jLSjjLj<b * (foliation)j33^jjj ^33^Ab jl_j <^334 4 u jjj-ubjj jLSj^ij^S jjI<lS 
jb JjjU £j!jS jJ d«3 , jjjubjj (granular ^^JjSijj j4iwj <b jbbj 3 <ub jbb^ijjjj 
(foliated 133^ jjj j 4 Ûwj <u 3 jjbJ 3 jl^ jjj Jb^^jjjj j» 4 i jbjj 0 Si 4 j 4 & ^Vaj . UujljbjliS 
j33Ö_w tJ S 4 J<U_wljb jlS^JjSjjJ 3 jLSjj33b IJJjLj j» 4 b 4 S »ULwJb 3 ûaû 4 J öjj. jjjabjj 

. jjSjJjJ^ jaw 4 J 4 tb j 4 lwIj b j 4 w 41 


s (Cement materials )j3jj4öw4j ^jjLj/^mw 

ii 3 —& 4—j U__b U__S4J4Sbjj444J jujj^A—bjj^S) sediments ) jLSj 33 xwa-b LLÛjLS 
^iLSjjUjS 4 j 4bljljjS i»4b .( sedimentary rock )jjZLxj £>l4S 4 j jjjjJ34SjjljjS4i4j 
4 J 3 SJJJ u bLw4j J34 Joj 4bljljjS i»Jb ^yjjiSijS . jjjjjj^b ( Diagenses )j 33 J ûw^jj j«b 
jLu jkjowbLS ^LbjjjLS dJ 3 UIJJJ 33 J J 3 J 3 Jj 4 Lw 4 j jJjLa ii34 4J 4S JJ 4 SJ 33 LLÛ ^iLSjjl^Lj- 
3 l_i 4J 4jl3Jj4Lw4j jjLj ^4u ^LLj j Sl). LSaLw jJLwwSjj jLu jub jJLuSjj jb ÛJU 3 J 3 J 
ûw_S 3 4_SjjJ4S (jjjj-J Û_w 3 jLL j4^j 34^4 . :-4J ÛJjb4_w jwLU jjj ^SjLLUJ 3 4_SjjS Uji4_S 
«Lb 4J 4il3Jj4Lw4JJJb i»4b ^jj^ jb- dj4i44 . jJJJJ J^iûwjjlJbLu 4 Sjj 44 S 4 S j 4 ibLSjj 34 J 
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jU (jud& &»$$» tJjjJAJjJ . jLStfjiiAS ^iijSjjjj J $ jljjlj4j 4Sjjl IJjIaS 

i£j|j IJLlI ^Jj4j ^LjiU ^ijjjjj 

dujj jLuAj»j4SuJ LûJjj jjJIJULS j j yi.y—û j<Lm4JAS jjj-i uujji JiU ^lSijlijS jLt^SuJ 

j (Recrystallization)jj^jj^bJU jjLjjjj ^ (Compaction )jLLu<u ^LSjjIjjS $£t<u 

t»jJuujÊ»i Jukb.. j( Dolomitization )CuLpj: aj jj^j ^ (Neomorphism ifjjjjjnjû 

jLSjjljLS ^jjUjjJ ^JljjjLu jijtÛJjjjS- jJLJj j-I . JLuJ ^JjiUL ^aSoj- IjjjJjiS 
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jLSdjl 
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.Jl75 «ub f»4S4j «^jj$S jjUdjljljdiuilj ^^oi^SjAj «2001 «JU?- « JjJja* 


: jjjlSaû ^jUjJj JLSjjUjJu 


Bloss, F.D., 1961, An Introduction to the methods of optical crystallography, 
Holt,Rinehart and Winston,Inc., New York, 294p. 

Hecht, E., 2002, Optics, 4 th ed., International edition, San Francisco, 

698p. 

Heinrich, E., 1965, Microscopic identification of minerals, Mc Graw-Hill Book 
Company, New York, 289p. 

Kerr, P.F., 1977, Optical mineralogy, 4 th ed., New York, 492p. 

Klein, C. and Hurlbut,C .S., 1999, Manual of mineralogy, John Wiley and 
Sons,Inc., New York, 21 st ed., 681p. 

Murphy, D.B., 2001, Fundamentals of light microscopy and electronic imaging, 
Wiley-liss publ.,USA,368p. 

Nesse, W.D., 2000, Introduction to Mineralogy, Oxford University Press, 442p. 

Phillips, W.R.,1971, Mineral optics, W.H., Freeman and comp., San 
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